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Mountains should be climbed with as little effort as possible and without desire. The 
reality of your own nature should determine the speed. If you become restless, speed up. 
If you become winded, slow down. You climb the mountain in an equilibrium between 
restlessness and exhaustion. Then, when you're no longer thinking ahead, each footstep 
isn't just a means to an end but a unique event in itself... To live only for some future goal 
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Understanding the nexus between deforestation, food production, land degradation, and 
culture contributes knowledge that is useful for development practitioners working to 
enhance conservation and food security. Documenting deforestation and soil erosion in 
the Sierra Yalijux and Sierra Sacranix in the Central Highlands of Guatemala adds new 
knowledge about the rates and dynamics of deforestation and land degradation in areas 
with unique and sensitive cloud forest ecosystems. It also suggests possible areas of 
emphasis for efforts targeted at combining cloud forest conservation with sustainability 
for indigenous Q’eqchi’ communities. In addition, this work contributes to a small but 
growing body of literature concerned with human-environment interactions in cloud 
forests, and demonstrates how a transdisciplinary approach can be used to investigate 
these interactions.  
 
The cloud forest in the Sierra Yalijux and Sierra Sacranix in the Central Highlands of 
Guatemala is largely unprotected and provides habitat for a wide variety of wildlife and 
critical ecosystem services for rural communities. A mix of research methods was used to 
investigate the human-environment interactions between the cloud forest and the 
Q’eqchi’ people living in the vicinity, and implications for sustainability. Deforestation 
patterns and rates for the cloud forest, and impacts on soil erosion, were examined using 
land use change mapping from remote sensing imagery (Landsat TM, high-resolution 
digital orthophotos, and digital elevation models) and soil erosion modeling using the 
Revised Universal Soil Loss Equation. Contributing factors to deforestation, as well as 






implications for sustainability of food production and ecosystem services in Q’eqchi’ 
communities were investigated using analysis of quantitative and qualitative data from 
surveys and focus groups in several communities.  
 
Annual deforestation rates were highest in the Sierra Yalijux study area, nearly doubling 
from 0.65 percent/year between 1986 and 1996 to 1.19 percent/year between 1996 and 
2006. In the Sierra Sacranix, the annual deforestation rate increased from approximately 
0.25 percent/year to 0.81 percent/year, more than tripling between 1986 and 2006. 
Population increase in Q’eqchi’ communities is driving land subdivision, which is 
leading to reduced fallow periods on land already cleared for subsistence farming, and is 
ultimately leading to increased clearing of cloud forest. Thus deforestation has been 
caused by expansion of subsistence agriculture in response to increased food demand and 
increased pressure on land resources, such as soils. Farmers have been gradually clearing 
cloud forest on increasingly steep slopes in order to cultivate enough land to meet 
growing food needs. The implications of cloud forest loss are significant for Q’eqchi’ 
communities. Farmers rely on the cloud forest for ecosystem services such as organic 
matter input to enhance soil fertility, potable water availability, and microclimate 
stability. The Q’eqchi’ have observed reductions in the input of leaf matter to their 
agricultural plots, changes in the precipitation regime, and decreased availability of 
potable water from springs in recent decades, all of which are associated with cloud 
forest removal.  
 
Estimates of soil erosion rates from model calculations show that soil loss is most severe 
in agricultural areas. Expansion of agriculture was observed in both catchments, and as a 
result soil loss rates have increased. However the increase of soil loss as a result of 
deforestation was relatively small compared to the overall contribution from agricultural 
areas. Simulation results comparing current practices to a soil conservation scenario 
indicate that support practices such as bench terracing and polyculture would 
significantly mitigate the most severe soil erosion. These measures accomplish this by 





that reducing soil loss through support practices would likely increase soil fertility in the 
long-term and increase nutrition in Q’eqchi’ communities through the consumption of a 
wider variety of crops, which would enhance food security. Reducing the decline of soil 
fertility in the long run and increasing agricultural intensity through polyculture would 






CHAPTER 1. INTRODUCTION 
The tropical forests of Mesoamerica are some of the most biodiverse ecosystems on earth 
(Myers 1988; Myers 2000) and are a conservation priority because of pressure from 
anthropogenic forces, especially the exploitation of natural resources as population and 
economic development increase (DeClerk et al. 2010). Anthropogenic forces have been 
linked to deforestation of humid montane cloud forest in the Central Highlands of 
Guatemala (Eisermann and Schulz 2005; Renner, Voigt, and Markussen 2006, Figure 
1.1). However, an analysis of cloud forest removal in the Sierra Yalijux mountain range 
revealed that deforestation rates there are relatively small compared to the national 
average, although this conclusion was based on partial mapping of the cloud forest over 
one time interval (Renner, Voigt, and Markussen 2006). Development practitioners and 
non-governmental organizations (NGOs) have identified high rates of cloud forest loss, 
which is inconsistent with the Renner, Voigt, and Markussen (2006) that cloud forest loss 
is negligible. Thus, a comprehensive investigation of changing deforestation rates over 
time, the contributing factors of deforestation, and the subsequent implications for 
sustainability in Q’eqchi’ Maya communities in the vicinity of the cloud forest was 
required to address the unresolved issues. Understanding the contributing factors of 
deforestation and associated issues related to local food security can provide new 
knowledge of dynamics of deforestation in the region, which can be used to suggest areas 
of emphasis for future efforts to support cloud forest conservation coupled with 
sustainability for Q’eqchi’ communities. 
 
Understanding the dynamics of deforestation and food security in Q’eqchi’ communities 





Water-based erosion from runoff is one of the primary mechanisms of land degradation 
worldwide (Oldeman, Hakkeling, and Sombroek 1990) and is a main contributor of 
reduced agricultural productivity in many developing countries (Stocking 2003). Soil 
erosion has become an even greater ecological and environmental problem as increasing 
population growth puts additional pressure on our soils to meet the demands of food 
production (Rosegrant and Cline 2003; MEA 2005). Soil erosion models provide a way 
to effectively quantify changes in soil loss over time based on a wide range of soil types, 
topographic situations, agricultural practices and vegetation cover conditions (Angima et 
al. 2003; Onyando et al. 2005; Beskow et al. 2009). Such results can be combined with 
insight from qualitative research methods in a mixed-methods approach so that farmer 
knowledge and perceptions can be included in the analysis (Tegene 2003). Conclusions 
that bring together both an understanding of rates and processes from modeling, and the 
knowledge and perceptions of the farmers who make decisions about land use, are a more 
appropriate basis for decisions on future actions than either type of information on its 
own. An analysis of soil loss at a spatial scale suitable for the small-scale agriculture 
typical of Q’eqchi’ farmers had not been performed prior to the work described in this 
thesis. Understanding the linkages between the contributing factors of soil erosion, 
farmer perceptions of land degradation, and the subsequent implications for food security 
is necessary to develop soil conservation scenarios that can ensure sustainable food 
production in the future. 
 
The Sierra Yalijux and Sierra Sacranix are east-west trending mountain ranges in the 
Central Highlands of Guatemala (Figure 1.2). The presence of cloud forest ecosystems in 
these mountain ranges has attracted the interest of the scientific community because of 
the advancing agricultural frontier that threatens unique wildlife and plant communities 
found in these mountain ranges (Renner, Voigt, and Markussen 2006; Eisermann and 
Schulz 2005; Eisermann and Avendaño 2008). While some cloud forest in the Central 
Highlands region has been placed under protection by the Guatemalan government, such 
as the Sierra de las Minas, a large portion of cloud forest in the Sierra Yalijux and Sierra 





working in the vicinity play a crucial role in the fate of the cloud forest in unprotected 
areas.  
 
Prevailing winds from the northeast bring warm, moist air from the Caribbean Sea to the 
Central Highlands, which produces wet, moist conditions on the north-facing slopes and 
rain shadows on south-facing slopes (Holder 2004). These winds combined with the 
topography of the region generate optimal conditions for cloud forest in these mountain 
ranges typically above 1,000 m.a.s.l. (Eisermann and Avendaño 2008). Cloud forests are 
distinct from other types of forest in that a substantial portion (up to nine percent) of the 
water input is obtained from interception of moisture from clouds as they move through 
the forest (Ataroff and Rada 2000; Holder 2004; Muñoz-Villers et al. 2012).  
 
The human population of Latin America continues to increase, which is contributing to 
deforestation of tropical forest as demand for agricultural land to meet food production 
grows (Green et al. 2005; Grau and Aide 2008). The Q’eqchi’, who have inhabited the 
Central Highlands of Guatemala for centuries, are experiencing sustainability issues that 
accompany significant population growth (Eisermann and Schulz 2005; Renner, Voigt, 
and Markussen 2006). The Q’eqchi’ rely on subsistence agriculture for survival, 
primarily the cultivation of milpa, which involves intercropping maize, beans, and 
squash. Many farmers have been forced to clear small amounts of the cloud forest in 
order to meet the growing demand for food, which has led to an advancing agricultural 
frontier and diminishing cloud forest extent (Renner, Voigt, and Markussen 2006). Until 
recently, farmers were able to allow fallow periods of up to five years or more between 
plantings on their agricultural land (Eisermann and Schulz 2005), although now fallow 
periods have been completely eliminated in communities where population growth is 
extreme (Renner, Voigt, and Markussen 2006). The continued removal of cloud forest 
and reduced fallow periods has exacerbated soil erosion in the region and has become an 






A recent study suggested that deforestation in this region is negligible compared to 
deforestation in Guatemala as a whole (Renner, Voigt, and Markussen 2006). These 
findings contrast with accounts from a local NGO focused on cloud forest conservation, 
which indicated that the cloud forest in the Sierra Yalijux and Sierra Sacranix has become 
increasingly vulnerable to subsistence agricultural expansion as population increases in 
the absence of agricultural intensification. In addition to biodiversity and inherent 
ecological value, concern over deforestation has focused on impacts on ecosystem 
services for the Q’eqchi’, including potable water availability, microclimate stability, and 
soil fertility (Ataroff and Rada 2000; Muñoz-Villers et al. 2012). Erodible soils, steep 
slopes, and the sparse vegetation cover associated with agriculture contribute to severe 
erosion in the Central Highlands of Guatemala (Burke and Sugg 2006), which creates 
additional difficulties for food production.  
 
NGOs operating in the region, such as Community Cloud Forest Conservation (CCFC), 
have been working to reverse deforestation of cloud forest in order to preserve this 
unique habitat for wildlife and ensure that ecosystem services continue to support the 
Q’eqchi’ in the future. An important component of these efforts include training and 
education of agricultural practices to sustainably intensify food production and promote 
awareness about the ecological and socio-ecological benefits of the cloud forest. 
Understanding the dynamics of deforestation, soil erosion, and the human-environment 
interactions as a whole in Q’eqchi’ communities is a challenging, yet important 
knowledge gap that must be addressed in order to assist development professionals on the 
ground and assist local communities. 
 
1.1 Deforestation of Cloud Forest 
Deforestation of tropical forest in Latin America has been documented using remote 
sensing techniques for decades (Pontius et al. 2007; Muñoz-Villers and López-Blanco 
2008; Metternicht et al. 2010). Less well known are rates of change of the cloud forests 





the focus of only a few studies (Ataroff and Rada 2000; Renner, Voigt, and Markussen 
2006; Muñoz-Villers and López-Blanco 2008). Cloud forest in the Sierra Yalijux and 
Sierra Sacranix provides important ecosystem services for the Q’eqchi’ and serves as a 
unique habitat for endemic species of birds, and other wildlife (Renner, Waltert, and 
Muhlenberg 2006; Renner, Rieser, and Horwich 2007; Eisermann and Avendaño 2008). 
The extent to which this cloud forest is disappearing over time has yet to be resolved, 
which is due in part to limited data availability and the challenges of culturally 
appropriate access to the communities abutting the cloud forest.  
 
To our knowledge, only one study has been published that has documented deforestation 
of cloud forest in the Sierra Yalijux (Renner, Voigt, and Markussen 2006). This study 
involved change detection from two Landsat images (1986 and 2000) to calculate a 
deforestation rate for the eastern portion of the Sierra Yalijux: Montaña Cacquipec and 
Montaña Yalijux. The partial mapping of the Sierra Yalijux appears to be due to the focus 
on cloud forest near the Chelemhá reserve, an area that has been the central focus of 
ornithological research in the region (Eisermann and Schulz 2005; Renner, Rieser, and 
Horwich 2007; Eisermann and Avendaño 2008). The deforestation rate between 1986 and 
2000 for this portion of the Sierra Yalijux mountain range was approximately 0.2 
percent/year (Renner, Voigt, and Markussen 2006), which is relatively low compared to 
the national average, 1.15 percent (1990-2006) (FAO 2006). Differentiation between 
types of tropical forest can be difficult using Landsat imagery (Lucas et al. 2003), and 
therefore, digital orthophotos and/or ground data from GPS may enhance the image 
classification accuracy. The availability of recent high-resolution orthoimagery (2006) 
and the opportunity to collect of ground truth data and here enhanced the classification of 
satellite imagery, providing a more recent land use dataset from which changes in 
deforestation rates could be determined for the Renner et al (2006) study area and larger 
areas of the Sierra Yalijux. 
 
In addition to working to establish rates and patterns of deforestation, scholars have 





of tropical forest. Researchers have performed statistical analyses of case studies in 
which the contributing factors of deforestation are identified (Allen and Barnes 1985; 
Geist and Lambin 2002). Allen and Barnes (1985) argue that deforestation is mainly 
driven by demographics (i.e. population growth), fuelwood collection, wood export, and 
expansion of subsistence agriculture. In a more recent study, Geist and Lambin (2002) 
offered a classification scheme of the contributing factors of deforestation, dividing them 
into proximate causes and underlying driving forces. Proximate causes include 
subsistence agricultural expansion, fuelwood collection, and infrastructure expansion 
(Allen and Barnes 1985; Grau and Aide 2008; Damnyag et al. 2013), and underlying 
driving include demographic factors, national policies, cultural, and sociopolitical factors 
(Geist and Lambin 2002). Geist and Lambin (2002) contend that the significance of 
population growth, or more specifically high fertility rates, is often overemphasized as a 
contributing factor, while underlying driving forces such as national policies are 
underemphasized. However, the authors stipulate that deforestation is often in caused by 
population growth in combination with other factors. Environmental factors such as 
elevation, slope, and precipitation may also contribute to deforestation (Geist and Lambin 
2002; Redo et al. 2012).  
 
The contributing factors of deforestation in Guatemala vary by region. Deforestation in 
the northern lowland region of El Petén has been extensively documented and is 
primarily due to underlying driving forces, including land tenure insecurity, rural 
migration, and socio-political factors that drive clearing of forest for both subsistence and 
large-scale agriculture (Clark 2000; Carr 2004; Gould 2006; Gould, Carter, and Shrestha 
2006). The demographic, sociological, and physiographic factors in the Central 
Highlands of Guatemala may differ from those in other regions. Deforestation dynamics 
in the Central Highlands region has not been documented to the same extent as those in 
other regions, and therefore, an in-depth analysis of these factors in the local context is 
necessary to resolve this gap. Researchers have speculated that forest loss in this region is 
mainly caused by expansion of subsistence agriculture as a consequence of population 





explicitly researched through data collection and analysis (Eisermann and Schulz 2005; 
Renner, Voigt, and Markussen 2006). The relative significance of these contributing 
factors was investigated in the current study through analysis of qualitative and 
quantitative data from by focus group and surveys can provide important insight into the 
dynamics of deforestation (Mehring et al. 2011; Reimer and Walter 2013). The 
investigation of the contributing factors of deforestation in Q’eqchi’ communities here 
was analyzed using the framework as in Geist and Lambin (2002) in order to address the 
knowledge gap. 
 
1.2 Soil Erosion 
In Latin America, many smallholder farmers who rely on subsistence for survival do not 
have access to modern technology to mitigate the natural limitations of their 
environment, and so the management of key resources such as soils is incredibly 
important for their food security (Altieri 2002; Altieri and Nicholls 2008). In this respect, 
people who live in environments that are less suitable for agriculture, including much of 
Guatemala, face great resource management challenges that affect food production over 
both the near- and the long-term. 
 
Land degradation is a chronic problem in rural communities and must be addressed in 
order to enhance food security for subsistence farmers. For the Q’eqchi’, milpa is 
critically important for survival and is perhaps equally important from a cultural 
standpoint (Isakson 2009). The cultivation of milpa provides little vegetation cover, 
exposing the soil to the detachment and transport of soil particles by water, which is of 
even greater concern in the steep slopes in the Guatemalan Highlands (Akeson and 
Signer 1984). Most farmers do not implement soil conservation measures, which in 
combination with population growth and subdivision of land, will likely decrease soil 
fertility in the long-term. The identification of contributing factors of soil loss and 
document farmer attitudes and perceptions about land degradation is challenging, but it is 





Soil erosion is a complex, natural phenomenon that has been exacerbated by 
anthropogenic forces in recent decades (Oldeman, Hakkeling, and Sombroek 1990; 
Stocking 2003). Conversion of forest to agricultural land is one of the main 
anthropogenic forces that contribute to severe soil erosion, particularly on steep slopes in 
the absence of soil conservation practices (Restrepo and Syvitski 2006; Dabral, Baithuri, 
and Pandley. 2008; Pope and Odhiambo 2014). In order to study the effects of land use 
change and agricultural practices, scholars have developed soil erosion models as tools to 
quantify soil erosion from runoff under conditions with and without soil conservation 
practices (Wischmeier and Smith 1978; Flanagan and Nearing 1995; Renard et al. 1997). 
Environmental factors such as soil erodibility, topography, and precipitation vary 
regionally, pre-disposing certain places to more severe soil erosion than others. In the 
Sierra Yalijux and Sacranix, increasing agricultural land in combination with steep 
slopes, soils of moderate-high erodibility, and significant rainfall results in a high risk of 
soil erosion (MAGA 2001; Burke and Sugg 2006).  
 
To our knowledge, only one study has previously been performed that documents soil 
loss in the Central Highlands of Guatemala (Burke and Sugg 2006). Burke and Sugg 
(2006) modeled soil loss for the watersheds that feed into the Mesoamerican Reef, of 
which the Sierra Yalijux is the most northeastern area. In this study, the Revised 
Universal Soil Loss Equation (RUSLE) was used to estimate soil loss at a 250 m 
resolution based on rainfall erosivity, soil erodibility, slope length and steepness, land 
use, and support practices (Renard et al. 1997; Burke and Sugg 2006). Burke and Sugg’s 
(2006) work demonstrated the applicability of the RUSLE model for use in the study 
region, although the coarse resolution at which the model was implemented is not ideal 
for exploring small-scale land use changes characteristic of subsistence agriculture. We 
addressed this issue by modeling soil loss at 30 m resolution in two catchments, which 
more adequately captures land use change characteristic of small-scale deforestation, 
including incursions into the cloud forest on the agricultural frontier, and frequent 






Assessment of contributing factors is an integral part of developing a soil conservation 
scenario to reduce erosion that results from a combination of environmental and 
anthropogenic factors. While soil erosion modeling is a difficult task, the implementation 
of soil conservation measures specified in conservation planning is perhaps the most 
challenging aspect. Although not explicitly addressed here, NGOs and development 
practitioners working in the region can use the results of the soil erosion analysis 
presented in this thesis to target conservation efforts. 
 
1.3 Objectives 
The cloud forest in the Sierra Yalijux and Sierra Sacranix mountain ranges provides 
several ecosystem services, including biodiversity, watershed recharge, potable water 
availability, soil fertility, and microclimate stability. The removal of this cloud forest has 
both near and long-term consequences for the ecosystem and the communities who rely 
on the forest for daily living. The objective of this research is to examine changes in 
deforestation rates over time, the contributing factors of deforestation, impacts on soil 
erosion, and the implications for Q’eqchi’ communities. The goal of this work is to 
address knowledge gaps in the literature and to provide development practitioners with 
information to support efforts to enhance conservation of cloud forest and food security. 
The objective of this study is accomplished by calculating deforestation rates over time, 
examining soil erosion rates and patterns with and without soil conservation measures, 
analysis of survey and focus group data, and informal interviews.  
 
1.4 Study Area 
Guatemala has a history of land inequality that stemmed from Spanish conquest (Viscidi 
2004). With the onset of Spanish rule in the 1500s, the majority of the area was under a 
feudal land tenure system was put in place in which subsistence workers were provided 
small plots of land (minifundios) in exchange for their labor on large estates owned by the 
elite (latifundios), known as the minifundio-latifundio tenure system (Harbour 2008). 





land throughout the country, leaving rural communities with little land (Black and 
Needler 1983). In 1952, reformist president Jacobo Árbenz attempted to address land 
distribution inequalities with agrarian reform law (Viscidi 2004, Harbour 2008). Attempts 
to break up large landholdings failed, and a period of conflict and violence occurred up to 
1996, when the 36-year Civil War officially ended with the signing of the 1996 Peace 
Accords. During the Civil War the Guatemalan national government was responsible for 
numerous massacres in indigenous communities, including several communities in the 
Sierra Sacranix: Sanimtaca and Samac. The current distribution of land parcels and the 
economic landscape in Guatemala is in part a due to the land conflict that arose decades 
ago. 
 
The Sierra Yalijux mountain range is located between the Polochic River to the south and 
the Cahabón River to the north, with a maximum elevation of approximately 2,600 
m.a.s.l. Located to the east of this mountain range is the Sierra Sacranix, which primarily 
drains to the west by the Chixoy River, and has a maximum elevation of approximately 
1,600 m.a.s.l. This region is located in the Central Highlands of Guatemala in the 
southern portion of the department of Alta Verapaz. The geology of the region is 
characterized by carbonates dating from the Cretaceous and Permian periods (MAGA 
2001). The region has pronounced wet (June through January) and dry (February through 
May) seasons and receives around 2,500-4,000 mm of precipitation per year annually 
(MAGA 2001). Areas of cloud forest receive additional precipitation through the 
interception of cloud moisture (Ataroff and Rada 2000; Holder 2004). The soils in the 
region are predominantly Entisols, Ultisols, and Andisols, with variable acidity and 
thickness (Simmons, Tarano, and Pinto 1959), and range from moderate to high 
susceptibility to erosion (MAGA 2001, Burke and Sugg 2006). These soils are relatively 
poor for agriculture, and are mostly classified as non-arable and best suited to sustainable 
forestry or protection, particularly in the Sierra Yalijux (MAGA 2001). 
 
Ecologically, the majority of the landscape is a patchwork of secondary vegetation, 





Cloud forest is typically located around 1,800 m.a.s.l. and above due to deforestation 
(Renner, Voigt, and Markussen 2006), although conditions suitable for cloud forest 
growth can be found at elevations as low as 1,000 m.a.s.l. (Eisermann and Schulz 2005). 
The tree community in the cloud forest is largely comprised of oaks (Quercus sp.), trees 
in the Laurel family (Lauraceae), and yellowwood (Podocarpus sp.) (Eisermann and 
Schulz 2005). Cloud forest is more prevalent on the more moist north-facing slopes, 
while pine-oak forests thrive on the drier, warmer south-facing slopes. Pine plantations 
ranging from < 1 ha to ten ha in size are common throughout the region as a result of 
reforestation programs. 
 
The Q’eqchi’ are farmers who rely on subsistence for survival and primarily cultivate 
milpa and other cash crops. The agricultural cycle of milpa is dictated by elevation, and 
farmers at relatively low elevations (1,200 m.a.s.l.) are able to harvest the milpa earlier 
than those at higher elevations (2,000 m.a.s.l.) due to superior growing conditions. Ideally, 
farmers allow plots to go through a fallow period for up to five years or more (Eisermann 
and Schulz 2005), although the length of fallow periods have been reduced or eliminated 
in communities experiencing high population growth (Renner, Voigt, and Markussen 
2006). Milpa is typically cultivated after slash-and-burn of secondary vegetation 
regrowth following the fallow period. Communities located in the piedmont typically 
have access to electricity from the grid, while those in the mountains do not. Fuelwood is 




We explored deforestation of cloud forest, soil erosion, and the implications for 
sustainability through a transdisciplinary approach using a mix of research methods. 
Satellite imagery was classified to generate land use change maps in order to calculate 
deforestation rates over time. Multispectral imagery was obtained from the Landsat TM 





Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model 
Version 2 (GDEM V2), each with 30 m resolution, were as the basis for spatial analysis 
of deforestation. Soil erosion was quantified for each land use dataset and a soil 
conservation scenario using the Revised Universal Soil Loss Equation (RUSLE) in 
ArcGIS 10.1. for two catchments. In each catchment, soil loss was also calculated for soil 
conservation scenarios to offer a solution to mitigate severe erosion. To complement the 
remote sensing/GIS components, survey and focus group data were analyzed in order to 
provide information about agricultural yields, farmer practices, perceptions of 
deforestation and soil erosion, and insight into the issues of sustainability for Q’eqchi’ 
communities.  
 
1.6 Thesis Structure 
This thesis consists of three parts, an introduction (chapter one), the body (chapters two 
and three), the conclusion (chapter four), followed by the appendix and references. 
 
In chapter two, we present a decadal land use change mapping analysis of the Sierra 
Yalijux and Sierra Sacranix between 1986 and 2006. Land use maps were produced by 
unsupervised classification of two Landsat 5 images and manual interpretation of digital 
orthophotos, whereby each map was classified into three distinct land use cover: cloud 
forest, other forest (pine-oak, pine, and secondary forest), and agriculture/secondary 
vegetation. Included in this chapter are analyses of 1) the spatial and temporal dimensions 
of cloud forest removal, 2) the contributing factors of deforestation, and 3) the 
implications for sustainability in Q’eqchi’ communities. This paper is intended for 
publication in a peer-reviewed journal. 
 
Spatial analysis of soil erosion in two catchments, one in each mountain range, is 
presented in chapter 3. For each catchment, soil loss at a 30 m resolution was quantified 
for each historical land use map using the RUSLE model. Erosion was calculated for a 





soil loss. An analysis of farmer perceptions and attitudes towards soil erosion is also 
presented in this chapter. This paper is also intended for publication in a peer-reviewed 
journal.  
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Figure 1.1. A digital elevation map of Guatemala and the major geographic regions of the 











CHAPTER 2.  DEFORESTATION OF MONTANE CLOUD FOREST IN THE 
CENTRAL HIGHLANDS OF GUATEMALA: PROXIMATE CAUSES, 
UNDERLYING DRIVERS, AND IMPLICATIONS FOR SUSTAINABILITY IN 
Q'EQCHI' MAYA COMMUNITIES  
Abstract: Cloud forest in the Central Highlands of Guatemala provides important 
ecosystem services for the Q’eqchi’ Maya but has been disappearing in recent decades. 
This research documents changes in cloud forest cover, investigates the proximate causes 
and underlying driving forces of deforestation, and considers forest preservation and food 
security implications for Q’eqchi’ communities in the region. We used a transdisciplinary 
framework that synthesized remote sensing/GIS analysis of land use change, focus group 
dialogues, and surveys in three Q’eqchi’ communities. Expansion of subsistence 
agriculture is the key proximate cause of cloud forest removal, followed by extraction of 
fuel wood and larger scale logging operations. The key underlying driving forces for 
deforestation are population growth and subdivision of land. Pre-disposing environmental 
factors such as rugged topography, steep slopes, and poor soils contribute low 
agricultural productivity, which in turn, contributes to increased conversion of forest to 
agricultural land. Population growth is increasing the demand for agricultural land and, as 
a result, the Q’eqchi’ clear the forest to meet the need for increased food production. 
Furthermore, population growth is driving subdivision of land, decreasing fallow periods, 
and putting additional strain on poor soils, all of which exacerbate land degradation. 
Given the increase in population in the region, food production must be improved on 
existing agricultural land to avoid the need to put more land into production to meet food 





fundamental to efforts to conserve the cloud forest and to safeguard essential ecosystem 
services.  
 
Key words: deforestation, cloud forest, ecosystem services, Guatemala  
 
2.1 Introduction 
Tropical forests are some of the most biodiverse ecosystems in the world (Myers 1988; 
Myers et al. 2000) and have served as an important resource base for human inhabitants 
for at least 10,000 years (DeClerck et al. 2010). The contributing factors of deforestation 
of tropical forests can be divided into proximate causes and underlying driving forces. 
The proximate causes include infrastructure extension, agricultural expansion, and wood 
extraction (Allen and Barnes 1985; Grau and Aide 2008; Damnyag et al. 2013) while 
forces such as demographic factors, national policies, technological change, cultural, and 
sociopolitical factors are the underlying drivers of deforestation (Geist and Lambin 2002). 
Additionally, geographic factors such as precipitation, elevation, topography, and soil 
type have a significant effect on land use change decisions that lead to forest loss (Redo, 
Aide, and Clark 2012). Population growth in subsistence agricultural communities poses 
a threat to local tropical forests (Grau and Aide 2008) and threatens ecosystem services 
and food security in subsistence communities (Balana, Mathijs, and Muys 2010; Altieri 
and Toledo 2011). The need to effectively conserve tropical forests and the social and 
ecological services they provide is essential for local livelihood and well-being. 
Furthermore, safeguarding ecosystems services, such as potable water, biodiversity, 
nutrient-rich soils, climate stability, and carbon sequestration provided by tropical forests 
is crucial to poverty alleviation in developing countries (MEA 2005). Addressing 
deforestation at the community level requires documentation of deforestation rates, 
understanding of driving forces, and an appreciation of implications by subsistence 
communities. A transdisciplinary framework incorporating a mix of research methods as 





on the ground is most likely to provide an effective framework for targeting natural 
resource conservation efforts and mitigation strategies (Brandt et al. 2013). 
Guatemala has 3.9 million ha of forest, which is mainly concentrated in the departments 
of El Petén (52 percent), Alta Verapaz (10 percent), and Izabal (7 percent) (FAO 2006), a 
small fraction of which is cloud forest. Cloud forest is characterized by humid broadleaf 
tree communities that occur above the cloud base and receive a significant portion of the 
water they utilize through lateral drip filtration from condensation (Cavelier and 
Goldstein 1989; Muñoz-Villers et al. 2012). Cloud forest is found throughout Guatemala, 
including the Sierra Yalijux and Sierra Sacranix mountain ranges in southern Alta 
Verapaz. The removal of cloud forest threatens ecosystem services, biodiversity, and the 
long-term ecological health of the region. Cloud forests provide critical ecosystem 
services, such as clean drinking water availability, climate regulation, and soil fertility 
(Ataroff and Rada 2000; Lawton et al. 2001, Caballero et al. 2012), all of which are 
important for the livelihood of the indigenous Q’eqchi’ Maya people. Documentation of 
these ecosystem services and the degree to which deforestation is affecting them is 
essential in order to evaluate long-term sustainable food production and water availability. 
Despite strong interest in preserving these forests, few studies have documented rates and 
causes of cloud forest removal. 
 
In Guatemala, the socio-political, economic, demographic, and physical landscapes vary 
by region, and thus the contributing factors of deforestation are likely spatially 
differentiated. Investigations of deforestation dynamics in Guatemala reveal a complex 
interplay between factors at the proximate and underlying levels. In El Petén, the 
northernmost department of Guatemala, underlying drivers include land tenure 
institutions, in-migration and socio-political factors (Clark 2000; Katz 2000; Carr 2004). 
Institutional and structural issues pertaining to land tenure and tenure security has 
exacerbated deforestation by means of agricultural colonization (Carr 2004; Gould 2006; 
Barsimantov et al. 2011). Although much research has been conducted to document the 
contributing factors of deforestation of tropical forest in general (Geist and Lambin 2002; 





of deforestation of cloud forest in the Central Highlands are not well documented (Katz 
2000; Renner, Voigt, and Markussen 2006). Furthermore, the outcome of these studies is 
of limited value unless it is coupled with efforts to understand these factors and to assist 
stakeholders to develop new strategies that address social, ecological, and economic 
needs.  
 
We propose that efforts to effectively conserve the cloud forest and the ecosystem 
services it provides must be based on strategies that take in to account the contributing 
factors of deforestation, and therefore, it is important to build an understanding of the 
proximate causes and underlying driving forces at the local level. Thus we developed a 
transdisciplinary, mixed methods approach to examine historical deforestation rates, the 
relative significance of several drivers of deforestation, and the implications of cloud 
forest loss. We conducted this research in collaboration with a local non-governmental 
organization (NGO), dedicated to conservation through grassroots development in the 
communities that rely on the cloud forest and the ecosystem services it provides. 
 
2.2 Study Area 
The Sierra Yalijux and Sierra Sacranix mountain ranges are located in the Department of 
Alta Verapaz in southern Guatemala (Figure 2.1). The Sierra Yalijux includes three 
mountains: Montaña Xucaneb, Montaña Cacquipec, and Montaña Yalijux, with a 
maximum elevation of approximately 2,600 m.a.s.l. The Sierra Sacranix study area is 
located to the northwest of Cobán, with a maximum elevation of approximately 1,600 
m.a.s.l. The remaining cloud forest here is either individually, communally, or state 
owned. The region as a whole is characterized by karst topography with steep slopes and 
the soils are predominantly Entisols, Ultisols, and Andisols (Simmons, Tarano, and Pinto 
1959), which range from moderate to high susceptibility to erosion (MAGA 2001; Burke 
and Sugg 2006). The region receives approximately 3000-4000 mm of precipitation per 





cloud filtration, which may add up to nine percent to the total water budget (Ataroff and 
Rada 2000, Holder 2004).  
 
The tree community, stand height, and elevation range of tropical montane cloud forests 
are determined by several geographic factors: elevation zones, soil type, slope grade, 
water availability, and abundance of light (Ashton 2003; Cavelier and Goldstein 1989; 
Ataroff and Rada 2000; Wang and Huang 2012). Several types of forest are found in the 
study areas, including pine (primarily pinus maximinoi), pine-oak, and cloud forest, and 
these are typically found growing at low, middle, and to high elevations, respectively. 
Cloud forest in the region mainly occurs above 1,800 m.a.s.l. (Renner, Voigt, and 
Markussen 2006), although cloud forest exists elevations as low as 1,000 m.a.s.l. in some 
areas (Eisermann and Avendaño 2008). The cloud forest tree community in this region 
mainly consists of oaks (Quercus sp.), trees in the Laurel family (Lauraceae), and 
yellowwood (Podocarpus sp.) (Eisermann and Schulz 2005). Tree species vary 
depending on soil thickness, slope, and wind exposure, and as a result, the canopy height 
varies between five and 40 m. Pine-oak forests are typically located below the cloud 
forest at elevations lower than 1,800 m.a.s.l. and are more common on south-facing 
slopes, which receive more sunlight and less precipitation (Renner, Voigt, and Markussen 
2006).  
 
Like many Guatemalans, the Q’eqchi’ rely on timber for fuel and building materials. The 
area surrounding the Sierra Yalijux and Sierra Sacranix is populated by numerous 
Q’eqchi’ villages, and is a patchwork of agricultural land, pine-oak forest, young 
secondary forest, and small pine plantations (Figure 2.2). Staple crops for the Maya 
include maize (Zea mays), beans (Phaseolus vulgaris and P. lunatus L.), and squash 
(Cucurbita pepo L. and C. maschata). These are often intercropped (Graefe 2003), 
known locally as milpa, and follow an annual planting schedule largely dictated by 
elevation. Cultivation of milpa dates back to pre-Columbian times (Perez-Brignoli 1989) 
and remains the customary practice today (Simmons, Tarano, and Pinto 1959), although 





knowledge and shifts towards cash crops (Graefe 2003). Secondary vegetation regrowth 
is typically cleared using slash-and-burn, a practice originally associated with shifting 
cultivation (Figure 2.2). Maize is typically planted three to four seeds per hole and plants 
are not thinned after sowing. The Q’eqchi’ also often cultivate small plots of coffee, 
cardamom, broccoli, or cabbage as cash crops. Secondary vegetation (dense shrub) is 
permitted to grow during fallow periods and can reach heights of several meters in only a 
few years.   
 
We selected three communities, Sebob, Sesalche', and Sanimtaca, for an exploratory 
study to investigate the contributing factors of deforestation (Figure 2.1). The selection 
criteria included location, land tenure dynamics, and the relative quantity of cloud forest 
owned by the community. Sebob is located in the municipality of Cobán, and is located at 
elevations between 1,800 and 2,100 m.a.s.l. on steep slopes in the headwaters of the 
Chilax River, approximately two kilometers north of Montaña Xucaneb. Sesalche' is 
located at a similar elevation on the northern slope of the Sierra Yalijux between 
Montaña Cacquipec and Montaña Yalijux, although slopes are not quite as steep and the 
community is not located near any major streams or rivers. The climate at this elevation 
is relatively cold compared to villages at lower elevations, and therefore, crops such as 
cardamom and citrus fruits cannot be cultivated. Individual property rights and a tradition 
of land subdivision characterize the land tenure systems in many communities in the 
Sierra Yalijux, including Sebob and Sesalche', which are typical of communities at the 
edge of the cloud forest at high elevations in the Sierra Yalijux.  
 
Sanimtaca is an agricultural cooperative also located in the municipality of Cobán. The 
community abandoned the village after a massacre in the community in 1982 and 
eventually returned in 1997, forming a cooperative. Sanimtaca lies in a large doline 
(Ritter, Kochel, and Miller 2002) between 1,250 and 1,600 m.a.s.l., which is low enough 
to permit cultivation of cardamom, an lucrative cash crop. The terrain is relatively flat 
and rolling in the middle of the depression, abruptly transitioning to steep slopes along 






A mixed methods approach incorporating remote sensing, GIS, ground truthing with 
mobile Global Positioning System (GPS) units, and qualitative analysis of survey, focus 
group, and individual interview data was used to examine the patterns, processes, and 
implications of cloud forest loss. Landsat imagery and high-resolution digital orthophotos 
were used to quantify cloud forest cover in 1986, 1996, and 2006 for cloud forest in the 
Sierra Yalijux and Sierra Sacranix study areas. The land use maps provided the basis for 
calculation of historical deforestation rates. It is often difficult to differentiate various 
types of tropical forest in Landsat images due to similarities in spectral characteristics 
and coarse spectral resolution (Lucas et al. 1993), and therefore field observations are 
important for the verification of vegetation maps generated from satellite imagery (Wang 
and Huang 2012). Qualitative information concerning cloud forest use, implications of 
cloud forest loss, and land tenure regimes was obtained using a survey combined with 
focus group and informal individual interviews in selected communities. 
 
2.3.1 Remote Sensing of Cloud Forest 
Multispectral satellite imagery provided by the Landsat Thematic Mapper (TM) sensors 
is widely used for land degradation studies in Latin America (Metternicht et al. 2010) and 
is ideal for change detection of forest cover at the landscape scale (Wu and Shao 2003; 
Guild, Cohen, and Kauffman 2004; Duveiller et al. 2008). Landsat 5 imagery acquired in 
1986 and 1996 and high-resolution digital orthophotos acquired in 2006 were used as the 
basis for a multi-temporal land use analysis. The satellite imagery consisted of six 
multispectral bands at a 30 m resolution and one 120 m thermal band. High-resolution 
digital orthophotos at 0.5 m resolution were obtained from the Guatemala Ministry of 
Agriculture, Livestock, and Food (MAGA). All images were georeferenced to maps from 
MAGA, which were subsequently verified with GPS points acquired in the field to ensure 





zone 15N. The geographic boundaries of the two study areas were delineated based on 
the spatial extent of the mountain ranges that were explored on the ground. 
 
Several data pre-processing measures were used to improve the Landsat image 
classification. Spectral transformations were used to enhance vegetation cover differences 
and improve classification results in forested regions (Healey et al. 2005, Sonnenschein et 
al. 2011). Prior to image classification, the original Landsat bands, a Tasseled Cap 
transformation, Normalized Difference Vegetation Index transformations, principal 
components, and band ratios were evaluated in a signature separability procedure. The 
stacked imagery was classified using the Iterative Self-Organizing Data Analysis 
(ISODATA) classifier, an unsupervised classification algorithm widely used to perform 
land use change analyses (Pontius et al. 2007; Duveiller et al. 2008; Lang et al. 2008). 
The image was classified into sixty-four clusters which were subsequently grouped into 
three land use types, 1) cloud forest, 2) other forest (pine, pine-oak, and secondary forest), 
and 3) agricultural land (including secondary vegetation and settlements). Shaded areas 
on the images were labeled separately and manually interpreted using visible bands, 
radiometric enhancement techniques, high-resolution orthophotos, and GPS ground data.  
 
A land use map for 2006 was produced by manual interpretation of digital orthophotos in 
ArcGIS 10.1. Interpretation of the orthophotos was enhanced using GPS data collected in 
several field excursions between 2011 and 2013 that were focused on verifying 
vegetation patterns and biogeographical gradients. Community guides provided access to 
remote areas during field excursions and informal interviews with residents of several 
Q’eqchi’ villages were used to verify historical land use trends to ensure the accuracy of 
the 1986 and 1996 mapping effort.  
 
A 30 m digital elevation model (DEM) for the study area was obtained from the 
Advanced Spaceborne Thermal Emission and Reflection Radiometer Global Digital 





aspect and slope information, which allowed for an analysis of changes in cloud forest 
cover by slope and elevation class.  
 
2.3.2 Quantitative and Qualitative Methods 
We used household surveys, focus group dialogue, and individual interviews to collect 
quantitative and qualitative data for a case study for the three communities studied. 
Through an exploratory study we gained insight into local behaviors, norms, variability 
of practices, and perceptions related to the cloud forest and agriculture. Data collection 
took place during extended stays in each community in two field seasons between May 
2012 and May 2013.  
 
In each of these communities, we asked participants to provide information about the size 
of their maize plots, annual biological maize yields (amount grown), organic and 
chemical fertilizer use, and herbicide use. Accurate crop yield data can be obtained from 
farmer estimates (Smith et al. 1999; Mackenzie and Ahabyona 2012). To ensure 
questions were culturally appropriate, several native speakers tested the questions and 
assisted with translation into the native language, Q’eqchi’, and an official translator 
asked the questions. Participants were randomly chosen from the communities.  
 
A focus group in Sebob and informal interviews in all three communities provided 
additional qualitative data. Sebob was selected for the focus group study because it is 
typical of communities in the area, whereas Sanimtaca has atypical collective natural 
resource governance and conservation strategies. We designed the focus group prompts 
to explore the proximate causes of deforestation and implications for cloud forest loss. 
For the focus group, twelve men representative of farmers in the community were 
randomly selected in order to reduce bias. The session was conducted in the native 
language, Q’eqchi’, by bilingual translators. Qualitative analysis of a translated English 
version of the transcript was performed in MAXQDA. Text from the transcript was 





subdivision of land. Codes were then merged into overarching researcher-identified meta-
themes such as major land use types, land tenure, population dynamics, and climate 
change. Exemplars that revealed important insights into the research objectives were 




2.4.1 Land Use Change: Rates of Deforestation 
Deforestation of cloud forest increased in both the Sierra Yalijux and Sierra Sacranix 
between 1986 and 2006. Cloud forest cover was reduced by approximately 17.7 percent 
in the Sierra Yalijux, and by 10.4 percent in the Sierra Sacranix (Table 2.1). In the Sierra 
Yalijux, deforestation was more severe on Montaña Xucaneb and Montaña Cacquipec, 
while clearing of forest was less severe on Montaña Yalijux. Successful conservation 
efforts in the Chelemhá Reserve, a vigilantly protected area in the vicinity, likely 
contributed to lower deforestation on Montaña Yalijux (Figure 2.3). In the Sierra 
Sacranix, deforestation appeared to be concentrated in the eastern and western portions of 
the mountain range. In both study areas, the total area of that agricultural land increased 
in area between 1986 and 2006, while other forest decreased between 1986 and 1996, and 
subsequently increased in 2006. All deforestation results reported in this study refer to 
cloud forest removal exclusively.   
 
Deforestation rates were highest in the Sierra Yalijux, 0.65 percent/year (1986-1996) and 
1.19 percent/year (1996-2006), an overall average rate of 0.88 percent/year. In the Sierra 
Sacranix, the deforestation rate increased from 0.25 percent/year to 0.81 percent/year 
over the same time intervals, with an overall average rate of 0.52 percent/year. We also 
analyzed cloud forest removal as a function of elevation class. In the Sierra Yalijux, 
deforestation ranged from 32.8 ha/year (2,000-2,500 m.a.s.l.) to 0.17 ha/year (> 2,500 





1996 and 2006 in the two middle elevation classes. Given the lower overall elevation of 
the Sierra Sacranix, cloud forest cover was primarily present in the two lowest elevation 
classes, where forest clearing between 1986 and 1996 was greatest between 1,000 and 
1,500 m.a.s.l., and nearly quadrupled in the following decade. 
 
Deforestation rates also differed with slope. In the Sierra Yalijux, deforestation between 
1986 and 1996 was highest on relatively gentle slopes between ten to twenty degrees and 
the least severe on slopes > 50 degrees. Although the deforestation rate was highest on 
gentle slopes, the total area of cloud forest loss was substantially greater on slopes of 
moderate steepness (20-40 degrees) because this is where more of the cloud forest is 
located in the Sierra Yalijux. Between 1996 and 2006, deforestation rates increased 
significantly on moderate and steep slopes. In the Sierra Sacranix, deforestation was more 
severe on gentle and moderately steep slopes compared to that on the steepest slopes. The 
largest increase in deforestation rates occurred in the moderate and steep slope classes 
between 1996 and 2006.  
 
2.4.2 Focus Group Narrative 
Analysis of the focus group narrative in Sebob provided important local insights into 
contributing factors of deforestation and the subsequent effects of cloud forest loss. 
Respondents in the focus group in Sebob agreed that there is a link between deforestation 
and agriculture. One man explained, “we have lost so much forest because we are making 
more and more cornfields.” Importantly, however, the focus group revealed that the rate 
at which individuals clear their cloud forest differs: “there are those who save their forest 
and there are those who do not at all.” Farmers are aware that the soils beneath the cloud 
forest are fertile and they perceive benefits from cultivation of crops in close proximity to 
the cloud forest. One man explained, “there are no more trees to have the leaves fall so 
there is no more of it to replenish the soil, for if they went on the mountain to plant near 
the trees, the leaves would fall and replenish the milpa, but now there is no more of that.” 





forest, because the cloud forest functions as a source of added organic matter and 
nutrients for the milpa.  
 
Respondents were observant of changes in their communities. The customary land tenure 
system has been stressed by the decreasing availability of land coupled with ongoing 
population increase. “We are all filling up with people and population is increasing and 
over time the land is getting divided further and further. We have more and more people 
in our family,” one man explained. Population growth in conjunction with a fixed amount 
of land in the community has led to subdivision of land into increasingly smaller parcels.  
 
Subdivision of land and deforestation from agriculture and fuel wood collection has left 
little cloud forest within the village. Several respondents preferred the superior burning 
capacity of hardwood from these forests compared to softer wood such as pine. 
“There is just a little bit of cloud forest left, but that’s what we use to get our 
firewood. There is not any more cloud forest close to the house. They have 
already cut down everything that they can and the only thing they have not cut 
down is land that is too steep, too steep and slippery to cut, but we still use it for 
firewood. Each piece of forest is for each person. If they go to get firewood they 
get firewood from their portion.” 
The location from which people obtain fuel wood seems to depend on both time and the 
amount of cloud forest the individual owns. Farmers preferentially clear cloud forest on 
moderately steep slopes for agriculture, leaving the steepest slopes for selective cutting 
for fuel wood.  
 
Participants expressed knowledge about the process that scientists describe as cloud 
filtration and its role as a source of precipitation: “we know that the forest pulls the 
clouds and it calls the rain. The wind comes and pulls down the clouds and pulls the 
clouds through the leaves, and it then calls the rain.” Several people commented that it is 
“cold in the forest” compared to agricultural land. The elderly in the focus group agreed 





variability and number of intense rainfall events. The region is known for chipi-chipi, the 
gentle rain/mist that commonly occurs during many months of the year. Respondents 
observed a noticeable increase in “hard rain” events throughout the year and several 
associated cloud forest deforestation with the changing climate. Deforestation of cloud 
forest is largely attributed to clearing of land for milpa, which has contributed to a 
changing precipitation regime: 
“The heavy rains used to start in September or October and go, and there used to 
be a long rainy time, even August. It rains whenever now, but before we had the 
rainy time. It is because we’ve lost so much forest because we are making more 
and more cornfields, and so the forest has been shrinking and shrinking and 
shrinking, and this is why the rain has changed. The forest has been cleared out, 
and that’s why there is no more rain.” 
 
Within the past few years, subdivision of land significantly altered agricultural dynamics. 
Several decades ago, when the population was lower, each family had more land to 
cultivate, and consequently the length of fallow periods ranged between five and 20 years. 
After the harvest, farmers would leave the land to lie fallow in order to allow secondary 
vegetation to increase soil fertility for a future crop: 
“It used to be that you would clear an area and you would plant. They used to 
move every year and not collect the crops from that place for at least five years 
and then come back so that the soil could recover. Secondary growth would grow 
up on it and replenish the soil. Now one year, two, three, four you just keep 
planting the same land. A long time ago we didn’t use any fertilizer, but now 
because we’re using the soil every year we have to use fertilizer.” 
 
Decreasing fallow periods as a consequence of the need to produce more food for the 
growing population has negative consequences for soil fertility over the long term, and 
respondents indicated that soil erosion was a chief concern. One man commented, 
“before the soil was softer when it was fertile, and the roots could go easily into the soil. 





Respondents were clearly knowledgeable about soil erosion processes and the detrimental 
effects of soil erosion on agricultural productivity. The research team often observed 
severe sheet and rill erosion during rainfall events and in many fields topsoil was patchy 
or in some cases absent in all three communities (Figure 2.5). It is clear that reduced 
vegetation cover and organic matter input from secondary vegetation as a result of 
decreased fallow periods is exacerbating soil erosion in Sebob.  
 
2.4.3 Survey Data 
The survey data further illustrates the finding that deforestation of cloud forest is linked 
to expansion of subsistence agriculture and inefficiency of maize production. In general, 
many farmers use organic and chemical fertilizers, herbicides, and practice intercropping 
with beans and/or squash. The mean area of maize cultivated per farmer was highest in 
Sesalche (10.0 ha), followed by Sebob (8.1 ha) and then Sanimtaca (7.0 ha) (Table 2.2). 
The maize yields were highest in Sanimtaca (470 kg/ha), closely followed by Sesalche 
(389 kg/ha), and substantially lower in Sebob (212 kg/ha). Agricultural practices differed 
somewhat among the farmers surveyed, as this may explain the maize yield variations in 
the communities. While organic fertilizer is cheaper than chemical fertilizer, the latter is 
considered to promote more growth, so both types are typically used together. We did not 
collect data on the amount of organic and chemical fertilizer applied to maize, a variable 
that may contribute to differing maize yields. Most farmers reported intercropping maize 
with beans and/or squash and using herbicides on a regular basis. We examined the 
relationship between the maize yields and area of maize cultivated by individual using 
linear regression. Maize yield did not show a strong relationship with the area of maize 
cultivated in Sebob (R2=0.013), Sesalche (R2=0.049), or Sanimtaca (R2=0.099). 
 
2.5 Discussion 
The mixed-methods results address concerns about forest loss and social factors, such as 





resources. Tropical forests continue to be cleared at an alarming rate (Myers et al. 2000), 
as conversion of tropical forest to agricultural land is the dominant land use trend 
throughout Latin America (Grau and Aide 2008). The average annual deforestation rate 
in Guatemala is approximately 1.15 percent (1990-2010) (FAO 2006), significantly 
higher than the average annual deforestation rate in Mesoamerica of 0.7 percent (1980-
2000), and this difference has largely been attributed to increased demand for agricultural 
land (DeClerck et al. 2010). The deterioration of forest resources depends on the social, 
economic, and political background, a context from which deforestation dynamics can be 
studied (Carr 2004; Green et al. 2005; Turner and Sabloff 2012). The analysis of three 
Q’eqchi’ communities presented here enhances our understanding of the contributing 
factors of cloud forest removal and suggests possible areas of emphasis for future efforts 
to support cloud forest conservation coupled with sustainability for Q’eqchi’ 
communities.  
 
2.5.1 Deforestation of Cloud Forest 
While several studies have documented the severity of deforestation in the northern 
region of El Petén, only one previous study has quantified deforestation rates of cloud 
forest in Alta Verapaz. Renner, Voigt, and Markussen (2006) calculated a deforestation 
rate of 0.2 percent annually between 1986 and 2000 for cloud forest on Montaña 
Cacquipec and Montaña Yalijux, which was considered negligible compared to the 
national average. The results presented here indicate that the Sierra Yalijux have 
experienced accelerating and substantially higher deforestation rates than reported in 
Renner, Voigt, and Markussen (2006), with values of 0.65 percent/year between 1986 
and 1996 and 1.19 percent/year for between 1996 and 2006, to give an overall 
deforestation rate between 1986 and 2006 of 0.72 percent/year. This provides a very 
different picture of deforestation and suggests that these forests are threatened to a greater 






Several factors likely contributed to the difference in deforestation rates between these 
studies in the Sierra Yalijux. First, the spatial extent of the studies was different: our 
study area included Montaña Xucaneb, the western portion of the Sierra Yalijux, a region 
that experienced substantial forest loss over the 20-year time period. Second, high-
resolution digital orthophotos were not available at the time of the Renner, Voigt, and 
Markussen (2006) study, and analyses that rely solely on satellite imagery to distinguish 
forest types can be challenging (Lucas et al. 1993). The availability of high-resolution 
imagery used in the current study permitted species-level analysis of the cloud forest, 
which assisted with more accurate classification of Landsat imagery in areas where 
vegetation gradients are variable and complex, such as the south-facing slopes in the 
Sierra Yalijux.  
 
More generally, cloud forest removal in the Sierra Yalijux and Sierra Sacranix study 
areas is primarily due to the clearing of small patches of forest for subsistence agriculture. 
The analysis of land use change revealed an increase in the area of cropland in both study 
areas. This land use trend supports the hypothesis that deforestation of cloud forest is 
likely linked to pressures associated with population growth. Classification of sub-annual 
vegetation cover change is challenging in tropical regions with Landsat data. First, the 
spatial and spectral resolution of Landsat data poses challenges distinguishing between 
cropland, secondary vegetation, and young secondary forest. Second, non-forest land use 
is also spatially and temporally dynamic, as communities prepare the land for cultivation 
of milpa at different times of the year depending on elevation. Third, cropland and 
secondary vegetation are both associated with agricultural land use, as the Q’eqchi’ 
include a fallow period in their crop rotation, which allows secondary vegetation to grow 
to a height of up to several meters. Therefore, growth of secondary vegetation can be the 
result of clearing of cloud forest for fuel wood, agricultural activities, or both. Lastly, due 
to the rapid growth of vegetation in tropical climates, land use changes on a sub-annual 
time scale. The spatial and temporal limitations of a decadal land use analysis in a 
tropical environment using Landsat imagery is such that imagery-based data alone are not 





agricultural expansion or various types of wood extraction. We addressed this knowledge 
gap with focus group and survey data from three communities.  
 
In contrast to the small-scale deforestation in the Sierra Yalijux, some removal of cloud 
forest occurred at a larger scale in the Sierra Sacranix, particularly between 1996 and 
2006. These larger areas of deforestation are the result of commercial-scale logging 
operations. For example, a ladino (non-indigenous) estate owner cleared a large portion 
of cloud forest on the eastern edge of the mountain range, and this land was subsequently 
converted to pine plantation. Agricultural cooperatives in the area are engaged in logging 
activities as well. Although such logging activities are contributing to clearing of cloud 
forest, our results are in agreement with Renner, Voigt, and Markussen (2006) that small-
scale deforestation from expansion of subsistence agricultural expansion is a more 
significant contributing factor of deforestation. Deforestation dynamics are further 
complicated by migration of communities, as demonstrated by the abandonment and 
resettlement of Sanimtaca. The sudden repopulation of this village in 1997 would have 
undoubtedly increased the demand for wood products, and therefore, contributed to 
increased deforestation in the Sacranix.  
 
2.5.2 Driving Forces of Deforestation 
2.5.2.1 Subsistence agricultural expansion and intensification 
Crop yields are directly linked to agricultural efficiency and result in land use decisions 
that contribute to deforestation (Muñoz-Villers and López-Blanco 2008; Redo, Aide, and 
Clark 2012). Yields are affected by a complex set of sociological and ecological factors 
such as seed type and density, length of fallow period, burning, intercropping, soil type, 
and fertilizer and herbicide use (Graefe 2003). Communities in the study area slash and 
burn the secondary regrowth of fallow land for subsistence (Renner, Voigt, and 






The maize yields reported by farmers in this study are consistent with the range of yields 
reported in similar studies, although relatively low. For example, in a study of Maya 
farmers in the Yucatan, Graefe (2003) found that traditionally cultivated milpa typically 
yielded 1,000-1,500 kg/ha of maize, while maize monocrop yielded between 200-1,000 
kg/ha, and yields were generally of the variety of maize. Zilverberg, Kreuter, and Conner 
(2009) reported maize yields of roughly 1750 kg/ha in El Quiché, although the area of 
maize cultivated was only 0.3 ha/household, approximately 1/20th of the average area of 
land cultivated by farmers in this study. The size of maize plots is relatively large but 
comparable to a case study of a similar nature in the Yucatan, where plots ranged from 
four to six hectares (Graefe 2008). It is not uncommon for Q’eqchi’ farmers to hire 
additional help to work their maize, facilitating management of larger fields. Surveys of 
farmers reported here reveal that mean maize yields were lower in Sebob than in 
Sesalche' and Sanimtaca. The reasons for lower yields might include local variation in 
soil quality or microclimate, although such factors are beyond the scope of this study, as 
additional survey data would be needed to draw conclusions.  
 
In addition to seed type and intercropping, Graefe (2003) identified three factors that 
affect maize yields: annual precipitation, age of the secondary vegetation, and soil 
development. The timing of precipitation during the flowering period is critical for maize. 
The focus group members in Sebob emphasized the importance of fallow periods that are 
long enough to allow secondary vegetation to contribute organic matter to the soil. The 
influence of soil properties on crop growth, such as organic matter content and nutrient 
availability, is challenging to isolate in empirical studies because factors such as 
frequency of burning, the age of vegetation surrounding the plot, and the timing of 
sowing can also impact maize development (Graefe 2003). Our survey results corroborate 
these studies, however a controlled field test would be needed to investigate the influence 
of soil physical properties on maize yields in detail. More generally, determining the 
relative significance of all sociological and ecological factors is difficult, and not possible 
in this study given the number of farmers surveyed. It is important to note that despite the 





low, which ultimately contributes to removal of cloud forest for agricultural expansion to 
meet the total food need.  
 
The focus group in Sebob provided insight into the contributing factors of deforestation. 
The removal of small areas of forest in both the Sierra Yalijux and Sierra Sacranix is 
characteristic of subsistence agricultural expansion (Cavelier et al. 1999; Ataroff and 
Rada 2000; Grau and Aide 2008), a conclusion also supported by a previous study in the 
region (Renner, Watert, and Muhlenberg (2006). The Q’eqchi’ are aware that the soils 
beneath the cloud forest are the most fertile and productive for milpa. Cloud forest on 
moderately steep slopes is often cleared for cultivation of maize, while slopes that are too 
steep for agriculture are left as sources of fuelwood. The Q’eqchi’ report that leaf litter 
increases the yield of milpa cultivated in proximity to the cloud forest, which shoes that 
the cloud forest is valued both because of soil fertility and the contribution of organic 
matter. Removal of cloud forest for agriculture varies at the household level, ranging 
from those that choose to clear their cloud forest all at once to others that choose to 
reserve portions for future use. Agricultural productivity is likely linked to the spatial 
variability of deforestation at the local level and plays an important role in the decisions 
of individuals to clear cloud forest to place additional land in crop production (Muñoz-
Villers and López-Blanco 2008; Redo, Aide, and Clark 2012).  
 
We suggest that subsistence agricultural expansion is a key proximate cause of 
deforestation in our study area, a phenomenon that has been shown historically to be a 
major contributor of deforestation in developing countries (Allen and Barnes 1985; 
Muñoz-Villers and López-Blanco 2008). The difference in agricultural productivity 
between Sebob, Sesalche', and Sanimtaca is partially explained by differing degrees of 
fertilizer input, herbicide use, and intercropping. In general, given a reduction in fallow 
periods, underlying technological factors such as the availability of chemical fertilizer has 
permitted agricultural intensification in rural communities while retaining traditional 
cultivation practices such as slash-and-burn agriculture that are unsustainable in the long-





2.5.2.2 Pre-disposing environmental factors 
Elevation, slope, precipitation, temperature, and soil type also influence agricultural 
productivity and deforestation (Geist and Lambin 2002). Efficiency of food production is 
linked to conservation of natural ecosystems and is a key proximate cause of 
deforestation (Grau and Aide 2008). The Guatemala Ministry of Agriculture, Livestock, 
and Food (MAGA) analyzed the productive capacity of the nation’s soils based on soil 
type, slope steepness, and general topography. According to the MAGA study, the Sierra 
Yalijux and nearly all of the Sierra Sacranix are designated as non-arable and only 
suitable for forestry due to the undulating topography and steep slopes (MAGA 2001; 
Figure 2.6). It is not surprising that achieving substantial crop yields is difficult in the 
communities studied, and is subsequently putting pressure on land resources, which in 
turn contributes to conversion of cloud forest to agricultural land.  
 
An examination at the local level also provides insight into differences in potential for 
agricultural production and may explain differences in agricultural yields reported in 
community surveys. The mean annual rainfall in the Sierra Yalijux and Sierra Sacranix 
mountain ranges is approximately 3,000-4,000 mm/yr, and the mean annual temperature 
is approximately 20°C (MAGA 2001). The consistently moist conditions and significant 
cloud cover in the region are not conducive to maize production and are likely 
contributing to the notably lower yields reported in other areas. The pre-disposing factors 
in Sebob, Sesalche, and Sanimtaca are thus relatively similar, including slope steepness 
as well as climate. Local variation of soil physical properties and soil moisture likely 
impacts agricultural yields, although further data collection is required to ascertain the 
significance of such contributing factors to agricultural productivity. 
 
In Sebob the focus group participants reported that soil erosion is severe in their 
community, particularly on steep slopes. The soils in Alta Verapaz are highly susceptible 
to erosion due to soil texture (Burke and Sugg 2006), are typically shallow and prone to 
poor drainage (MAGA 2001). In addition to the influence of agricultural inputs and 





productivity, although further investigation is necessary to quantify soil erosion and 
identify rates and patterns of soil erosion based on agricultural practices. Additionally, 
the absence of stripcropping, terracing, and other soil conservation measures in the study 
area has likely contributed to declining soil fertility. In comparison to other rural 
communities in Guatemala, such as those in El Petén, the Q’eqchi’ communities in the 
Sierra Yalijux and Sierra Sacranix are located on very steep terrain, and are inherently 
disadvantaged from the standpoint of agricultural productivity. Consequently, farmers 
and are putting increasing pressure on soils on existing agricultural land, and threatening 
the cloud forest as the demand for food production increases. 
2.5.2.3 Land tenure and subdivision of land parcels 
Land tenure is a complex concept that has been examined extensively (e.g., Clark 2000; 
Gould, Carter, and Shrestha 2006; Gould 2006; Unruh 2006). In general, land parcels are 
registered with the local municipality, though the parcel landscape is evolving 
dynamically through patriarchal customs. Community members are concerned that 
population growth is leading to significant subdivision of land, leaving young individuals 
with less land in the community proper, a phenomenon often found in subsistence 
agricultural communities experiencing significant population growth (Bizimana, 
Nieuwoudt, and Ferrer 2004). Subdivided parcels may result in an individual owning 
parcels in close proximity to one another or scattered over a large area, causing 
fragmentation. While Sebob is typical of the communities in the Sierra Yalijux, a 
comparison with the community of Sanimtaca provides important insight into land tenure 
and deforestation dynamics in a communal tenure system.  
 
Land tenure dynamics are quite different in the Sierra Sacranix, as several cooperatives 
own a substantial portion of the land, including Sanimtaca, which separated from a larger 
cooperative in 1997. The community divided the relatively large area of flat land in the 
center of the village equally among each family and divided the remaining land, which is 
owned by the cooperative, into mixed-use parcels used for agriculture. Additionally, 





Residents of Sanimtaca also face the consequences of increasing land subdivision, as the 
families of children have to share the parcels of land that the parents allocated. Informal 
interviews with community members revealed that the cooperative is seeking to acquire 
additional land to accommodate for population growth. 
2.5.2.4 Other contributing factors of deforestation 
Infrastructure development is also a factor in deforestation. Informal interviews in several 
communities revealed that road improvement projects in the past decade improved access 
to Cobán, a major economic center. Roads have facilitated the purchase and sale of wood 
products, produce, and fertilizer for remote communities. The road from Cobán that runs 
along the north slope of the Sierra Yalijux was extended from Sequila’ past Sesalche’, 
and in late 2012 a road from Cobán was extended to Sanimtaca. Ongoing discussion 
concerning the possible extension of the road from Sanimtaca through the middle of the 
cloud forest to the northern area of Sierra Sacranix would provide access to remote cloud 
forest, changing deforestation dynamics. 
 
Institutional and policy factors, in particular forestry policy, are important underlying 
driving forces of deforestation of tropical forest (Geist and Lambin 2002). In principle, 
the regulatory process in Guatemala establishes rules for the use of natural forest and 
protection of forests in important watershed zones. The Sierra Yalijux and Sierra 
Sacranix are forests in high areas of watersheds and play a crucial role in water recharge 
and thus by law are only suitable for sustainable forestry (INAB 2012). The government 
has developed a number of programs to encourage sustainable forestry in these areas. The 
success of conservation in Sanimtaca is an example of successful conservation at the 
community level, whereby the cooperative received monetary rewards from the 
government for establishing a cloud forest reserve and, although payments from the 
Forestry Incentives Program (PINFOR) have since ceased, the community has continued 
to maintain the reserve. Reasons for this include growth of an ecotourism business that 
provides the community with additional income as long as they maintain the cloud forest. 





resource in terms of a source of wood and the ecosystem services it provides. In 
Sanimtaca, informal interviews showed that the local people had beliefs and attitudes 
towards the cloud forest that indicate a greater appreciation of the importance of the 
cloud forest both socially and ecologically. Further research is necessary to ascertain the 
relative influence of forestry policy and the enforcement of regulations on cloud forest 
preservation. 
 
Cultural, economic, and demographic factors are also important in deforestation. Public 
attitudes and behaviors, values, beliefs, and individual and household behavior are a 
significant underlying driving force of deforestation in the region. Cloud forest 
conservation in Sanimtaca highlights the importance of collective action and perceived 
value of the cloud forest and its protection with both formal and informal institutions. 
The strength of local institutions that determine the conditions of use of forest resources 
significantly impacts the likelihood of sustainable resource use over the long-term 
(Guatam and Shivakoti 2005). NGOs continue to work with Sanimtaca on a variety of 
projects including bird monitoring programs, environmental education, and the 
establishment of an ecotourism business in order to promote cloud forest conservation. 
Efforts to promote community development by NGOs have been an important focus to 
build social capital, which has been shown to enhance sustainable resource use (Katz 
2000) and helps determine a sustainable and effective ecotourism project.  
 
The population in Guatemala increased by 59 percent between 1986 and 2006 (FAO 
2013), and demography has previously been identified as the leading contributing factor 
of deforestation in developing countries (Allen and Barnes 1985). Geist and Lambin 
(2002) propose that population growth from high fertility rates and improving health care 
is not typically a standalone contributing factor to deforestation, but works with 
additional factors. In Q’eqchi’ communities, a high fertility rate is not likely the sole 
factor causing deforestation but is linked to other contributing factors. Analysis of the 
focus group dialogue revealed that population growth is important, but is linked to other 





subsistence agricultural expansion and fuel wood collection. Several municipalities in the 
vicinity have experienced substantial population growth over a short time period. 
Between 1994 and 2002, population increased from approximately 27,000 to 39,200 in 
the municipality of San Juan Chamelco, and from 103,500 to 143,000 in San Pedro 
Carchá, revealing annual population growth rates of approximately 5.1 percent, roughly 
double the national average (INE 2013). Population growth has increased substantially in 
several municipalities and has led to reduced fallow periods, which have increased soil 
erosion and reduced agricultural yields per hectare. The return of the community of 
Sanimtaca demonstrates the importance of another population dynamic, migration. While 
Sanimtaca has preserved the cloud forest within its community boundary, deforestation in 
nearby areas increased dramatically between 1996 and 2006, which may be linked to the 
return of the community in 1997. The focus group dialogue as well as informal 
interviews with residents of all three communities revealed that many farmers own land 
outside of the village and that deforestation is not exclusively confined to the village 
boundaries. Exploration of the underlying economic factors, such as market growth, 
urbanization, and industrialization, is beyond the scope of this study, although the latter 
two factors do not appear to be directly relevant in the region as yet.  
 
2.5.3 Implications for Sustainability 
There are several socio-ecological implications of deforestation including impacts on 
regional climate, sustainability of ecosystem services, and food security. Conversion of 
tropical montane cloud forest to agricultural land has been linked to regional climate 
change (Ray et al. 2006a). Reduced cloud forest cover contributes to decreased levels of 
evapotranspiration and an increase in the elevation of the cloud base (Lawton et al. 2001), 
which has several implications for the hydrologic system, including reduced lateral cloud 
filtration. Deforested areas increase sensible heat fluxes and decrease latent heat fluxes, 
raising the orographic cloud bank and the height of cloud cover (Ray et al. 2006a), and 
deforestation has been positively correlated with suppression of cumulus cloud cover and 
a reduction of precipitation in the dry season (Ray et al. 2006b; Nair et al. 2003). Cloud 





emissions scenarios from the Intergovernmental Panel on Climate Change, which predict 
a decrease of cloud forest, cover between 54-76 percent by 2050 due to cloud forest 
migration to higher elevations in response to changing climate (Rojas-Soto, Sosa, and 
Ornelas 2012). Diminished forest cover has been shown to increase convective heating 
and increase the intensity of precipitation events (Stocking 2003), which in turn increases 
the severity of soil erosion (Cavelier et al. 1999). Evaluation of climate change variables 
in Guatemala between 1961 and 2003 revealed a slight increase in the intensity of rainfall, 
noticeably reduced rainfall during June and August, as well as a longer and more 
pronounced dry season (December through May) (World Bank 2011). While this study 
does not evaluate quantitative data regarding specific land use-climate interactions, 
qualitative data provides important insight into the drastically changing microclimate in 
the region and corroborates similar trends in tropical forest ecosystems. Reducing and 
reversing deforestation will contribute to global sustainability by reducing impacts on 
climate change.  
 
Cloud forests also serve as important sources of potable water, a substantial portion of 
which is obtained by interception of cloud moisture (Cavelier and Goldstein 1987; 
Ataroff and Rada 2000; Caballero et al. 2012). Informal interviews in several 
communities reveal the increasingly erratic frequency and strength of the water flow in 
springs during the dry season over the past few decades. These observations may be due 
to the changes in the precipitation regime and/or the impact of land use change on the 
hydrologic cycle. The hydrologic cycle is likely being affected by the replacement of 
cloud forest with milpa and pine plantations, as land use change significantly impacts 
stream flow, evapotranspiration, and groundwater recharge (Bruijnzeel 2004; Calder 
2007). The underlying drivers of reduced water flow are likely linked to the 
hydrodynamics of land use change and changes in the precipitation regime. Re-
establishment of cloud forest would enhance water sustainability both for the Q’eqchi’ 






Reduction of cloud forest is also threatening long-term food security in Q’eqchi’ 
communities. Conversion of forest to agricultural land increases food production in the 
short term, but is also one of the main causes of land degradation by water erosion, which 
in turn reduces soil fertility and long-term agricultural productivity (Oldeman, Hakkeling, 
and Sombroek 1990; Stocking 2003). Farmers are becoming dependent on the fertile soils 
of the cloud forest to produce adequate yields in the short term, a practice that is not 
sustainable for long-term food production given that the cloud forest is a limited resource 
and that the fertility of the soils decreases once the cloud forest is converted to agriculture. 
Additionally, farmers are not able to harness the nutrient input from the leaf litter of the 
cloud forest for their milpa once the cloud forest is removed. Further exploration of the 




Deforestation rates of cloud forest in the Sierra Yalijux and Sierra Sacranix are much 
higher than reported previously and have more than doubled in recent decades. In both 
study areas, the overall deforestation rates are not above the national average in 
Guatemala, but given the limited extent of cloud forest, its unique ecology and hydrology, 
and its importance to the Q’eqchi’, the increasing rates are a cause for considerable 
concern.  
 
We have examined several proximate causes and underlying driving forces of 
deforestation in three communities. At the proximate level, agricultural expansion and 
wood extraction are likely the main causes of deforestation. It appears that clearing of 
cloud forest for milpa is more pervasive compared to collection of fuel wood, as wood is 
selectively harvested on slopes too steep for agriculture. Larger scale commercial wood 
extraction appears to play some role in deforestation although this was not the focus of 






Underlying driving forces such as population growth, land tenure, as well as pre-
disposing environmental factors influence agricultural productivity, and therefore, 
subsistence agricultural expansion. Population growth in a finite area of land has led to 
subdivision of land parcels and subsequently each household has less land to cultivate. 
Consequently, increasing pressure on the land to produce food for a growing population 
has led to shorter fallow periods, increasing soil erosion and decreasing soil fertility. 
Reduced agricultural productivity is exacerbated by pre-disposing environmental factors 
such as steep slopes and severe soil erosion on areas of reduced land use such as milpa. 
Farmers are compensating for inherently low productive capacity and shorter fallow 
periods by increasing fertilizer use. Although decreasing fallow periods may initially 
increase production, production will decline in the long-term due to soil degradation 
(Zilverberg, Kreuter, and Conner 2009). Slash-and-burn agriculture is not sustainable 
given insufficient fallow periods and has increased dependence on agricultural inputs 
such as fertilizer and herbicides. The Q’eqchi’ recognize the link between the loss of 
cloud forest and the degradation of ecosystem services, such as soil fertility and 
microclimate stability, and that agricultural productivity has decreased as the soils are 
eroded and lose organic matter. This base of understanding is critically important to the 
success of efforts to find alternate solutions that enhance food production, preserve long-
term soil fertility, and protect the cloud forest, including the work of current NGOs in the 
region. 
 
This study demonstrates the need for a robust transdisciplinary framework to investigate 
the deforestation in subsistence agricultural communities in Mesoamerica. A mixed-
methods approach that integrated remote sensing, GIS, and qualitative data analysis 
provided a framework to provide insight into the contributing factors of deforestation, 
implications for sustainability, and possible conservation strategies. While this research 
provides insight specific to deforestation dynamics in three Q’eqchi’ communities, this 
transdisciplinary framework could be applied in similar studies that aim to understand the 
patterns and processes of deforestation in developing countries. This approach highlights 





thus reduces the emphasis on purely technical solutions to address the contributing 
factors to deforestation. Collaboration between academics, development practitioners, 
conservationists, and local communities is needed to make meaningful progress to 
preserve the integrity of tropical forests and ensure the future of the ecosystems services 
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Table 2.1. Land use area (ha) and percentage (in parentheses) in the Sierra Yalijux and Sierra Sacranix mountain ranges. 
 1986  1996 2006 
 Designation  Yalijux         Sacranix     Yalijux          Sacranix        Yalijux         Sacranix  
 











































Table 2.2. Farmer survey data from three communities revealed relatively low maize 
yields. Farmers who used fertilizers, herbicides, and intercropped maize with other crops 
such as beans or squash achieved the highest yields. 
Designation Sebob Sesalche' Sanimtaca 
Area of maize/farmer (Ha, 
mean (S.D.)) 
8.2 (3.6) 10.0 (5.1) 7.0 (2.6) 
Yield of maize/farmer (Kg, 
mean (S.D.)) 
1810 (1350) 4010 (2400) 3730 (2340) 
Yield per area (Kg/ha) 212 389 471 
Organic fertilizer(%) 89 50 94 
Chemical fertilizer use (%) 76 94 94 
Chemical and organic 
fertilizer (%) 
71 46 88 
Farmers who use herbicides 68 97 88 
Chemical and organic 
fertilizer, herbicides (%) 
49 44 82 
Intercropping maize with  
beans and/or squash (%) 
82 94 100 
 













Figure 2.2. Area of cloud forest cleared for agricultural land (top), a south-facing view 








Figure 2.3. Deforestation in the Sierra Yalijux (A) and Sierra Sacranix (B) increased 
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Figure 2.5. Severe erosion around milpa in Sesalche’ (left). Topsoil removed between 






Figure 2.6. Classification of soil agricultural productivity based on soil quality and slope steepness in Alta Verapaz (MAGA). Areas in 





Appendix A: Focus Group Questionnaire 
Focus Group Questionnaire: 
1. What is the land tenure history of the village? 
2. Is there communal land in the village? If so, how is it managed? 
3. Describe how the cloud forest provides for the village. 
4. Describe any land degradation you have noticed and how it has impacted the 
community. 
5. Describe any changes in climate you may have noticed over the past few decades 





Appendix B. Survey Questionnaire 
Survey Questions: 
1. How many cuerdas of maize do you plant each year? 
2. How many quintales of maize did you produce last harvest season? 
3. Do you apply chemical fertilizer on your maize? 
4. Do you apply organic fertilizer on your maize? 
5. Do you apply herbicides on your maize? 





Appendix C. Literature Review of Land Tenure 
Executive Summary: There are many types of land tenure systems and they are often a 
hybrid of than one type and vary due to cultural context in which they develop. The issue 
of inequality of land distribution and tenure insecurity in developing countries continues 
to a challenge for agencies and development practitioners, which is in part due to the 
uniqueness tenure systems. The philosophy of best practices to address these issues is 
reflected in the evolution of the institutions and policy at the national and global levels 
has changed over the past several decades, particularly by the World Bank. The 
implementation of land titling programs is one of the primary methods in an attempt to 
formalize property rights, although the results are mixed as to whether these programs 
have achieved the desired goal. In many cases, land titling programs successfully reduced 
tenure insecurity, increased agricultural productivity, and reduced deforestation, though 
in others these issues were not addressed, and in some cases made worse. The evolution 
of these concepts, particularly tenure insecurity, has affected the driving questions, 
methods, and assumptions held by researchers who study land tenure, thus affecting the 
prevailing policy recommendations and programs implemented by agencies and 
development practitioners. 
 
Property rights, land tenure systems, and tenure insecurity have plagued Guatemala for 
centuries. Not only is the right to property and land a basic human right (Eide et al. 2003), 
but it the failure to address the inequality of land distribution significantly impacts the use 
of critical resources, such as soils and forest products (Mendelsohn 1994; Godoy et al. 
1998; Jumbe and Angelson 2007). Moreover, deforestation has been linked with both 
structural issues of unequal distribution of land (Platteau 1996; Broegaard 2005), and de 
jure, de facto and perceived tenure insecurity (Fandino 1993; Gould, Carter, and Shrestha 
2006; van Gelder 2010).  
 
Significance and Rationale: In 2000, leaders from around the world established the 





poor reach acceptable living standards (UN 2008). As global food security draws more 
attention in light of global climate change, unrelenting population increase, and 
environmental degradation, efforts to reduce extreme poverty and hunger (MDG-1) 
requires research in a variety of disciplines.  
 
The land insecurity in developing countries throughout the world has been identified as 
one of the main drivers of poverty, and has is main targets of MDG-1 (UN 2008). Article 
17 of The Universal Declaration of Human Rights describes the notion that all people 
have the right to property, including land (Eide et al. 2003). Land security is one of the 
essential pillars that fosters the environmental stewardship necessary for long-term food 
production and is a prerequisite to making substantial progress in slowing or reversing 
land degradation and reducing poverty (USAID 2012). Consequently, the vicious cycle of 
increasing poverty from land degradation is inextricably linked to land access, land rights, 
land tenure, and land tenure security (UN 2008). Land insecurity and the inequality of 
land distribution must be addressed in order to effectively increase global food security. 
International institutions such as the United Nations state that “access to land and security 
of tenure are strategic prerequisites for the provision of adequate shelter for all and the 
development of sustainable human settlements (UNCHS 1999). 
 
As this project developed, we identified many more research questions than we could 
possibly address in our timeframe. During the course of fieldwork we came across what 
appear to be structural issues with the land tenure systems in many Q’eqchi’ communities. 
These issues appear to stem from the apparent incongruity between the implicit norms in 
traditional customary land tenure systems and the freehold tenure system that operates at 
the agency level. This literature review served several purposes: 1) provided a foundation 
of the terminology and nomenclature of property rights and land tenure, 2) examined the 
history and development of our understanding of tenure insecurity, and 3) briefly 
explored the influence of land tenure systems and tenure insecurity on deforestation in 
developing countries. While we could not carry out a holistic investigation of these foci 





Terminology: Property Rights and Land Tenure: The ambiguous use of terminology 
with regard to property rights and land tenure adds to the confusion of these terms in the 
literature (Schlager and Ostrom 1992). For that reason, a comprehensive review of the 
terminology used in land tenure discourse is ought to be established. The property rights 
paradigm upon which much of the literature refers dates back to the late 1960s and early 
1970s in two now classic papers: Demsetz (1967) and Alchian and Demsetz (1973). 
These early scholars make the distinction between ‘owning’ something and what property 
rights actually means, for “what is owned are rights to use resources.” The definition of 
property rights has changed little since then. Ostrom and Hess (2007) defined property 
rights in the fundamental sense, as “an enforceable authority to undertake particular 
actions in specific domains,” which echoes the distinction between owning something 
and the right to use something. Demsetz (1967) describes property rights as a bundle of 
rights, “when a transaction is concluded in the marketplace, two bundles of property 
rights are exchanged. A bundle of rights often attaches to a physical commodity or 
service.” Bruce (1998) describes property rights in a similar fashion, “property is a set of 
rights and responsibilities concerning a thing; property also is the term for the thing itself. 
When we want to make it clear we are using it in the former sense, we often say property 
rights.” Property rights are either real or immovable (such as land) or personal or 
movable (everything else) (Bruce 1998).  
 
In the nomenclature of land tenure there are several major categories of property rights 
regimes, including private (individual), common (communal), and state (public) (Alchian 
and Demsetz 1973; Libecap 1986; Bruce 1998), all of which can be present in a single 
society (Feder and Feeny 1991). In a system of private property rights, the rights are 
assigned to an individual, a phenomena that typically in societies where land becomes 
scarce. When the public sector has the rights to property it is considered to be state 
property. The third category of property rights, common property, is a regime in which a 
group of individuals are assigned the property rights. As previously mentioned, property 
rights are actually a bundle of rights (Demsetz 1967), which include several individual 





common property regime, 1) access, 2) withdrawal, 3) management, 4) exclusion, and 5) 
alienation. Property rights can also be transferred from one individual to another either 
temporarily or permanently (Schlager and Ostrom 1992). There is however, a fourth kind 
of property regime, open access, where property rights are not controlled at all (Ostrom 
and Hess 2007; Feder and Feeny 1991). The term open-access is often confused and used 
interchangeably with common-property and both terms have been associated with several 
other regimes, including the state regimes, community regimes, and property owned by 
no one (Runge 1981; Larson and Bromley 1990; Schlager and Ostrom 1992; Ostrom and 
Hess 2007). An open-access regime is considered to be in place when no one particular 
individual has the right to exclude another individual from using the land or a resource, 
whereas the rights in tied to common property permit exclusion of access (Ciriacy-
Wantrup and Bishop 1975; Bromley 1991). In some cases, very large common property 
regimes appear to be one in the same as open-access regimes (Feder and Feeny 1991). 
 
Maxwell and Wiebe (1998) describe property rights as the “building blocks” of land 
tenure, for land rights are a specific type of property rights upon which tenure systems are 
based. Such an approach is considered by scholars to be the ‘property rights approach’ 
used by both development practitioners and academics today (Maxwell and Wiebe 1998; 
van Gelder 2010). Scholars distinguish the difference between de jure property rights, 
rights that are enforceable by a higher authority, and de facto property rights, those that 
originate from the owners or resource users themselves (Feder and Feeny 1991; Schlager 
and Ostrom 1996). When the people to not acknowledge de jure property rights a de facto 
property rights paradigm may come into existence (Feder and Feeny 1991; Bruce 1998).  
 
There are many of definitions of land tenure in the literature. Bruce (1998) offers a 
thorough review of tenure terminology and defines tenure as “a legal term that means the 
right to hold land rather than the simple fact of holding land.” Consequently, it is possible 
for an individual to have tenure, to have rights to the land, but that individual may or may 
not have taken possession of the land itself. Maxwell and Wiebe (1998) expand upon this 





land, amongst other resources. Adams, Sibanda, and Turner (1999) defines land tenure as 
the specific provisions by which land is used, held, and transacted, which expands the 
definition given by Bruce (1998) to include the way in which land is held (holding) in 
addition to use and matters of land transactions. In Latin America, tenure typically 
encompasses the ownership and use of land, as well a sense of security and economic 
independence (De Souza 1999). FAO (2003) defines land tenure in another manner, “the 
way in which land is held by individuals and groups, or the set of relationships legally or 
customarily defined amongst with respect to the land.” Land tenure can also be defined as 
the social relations that govern who can use which land and how (Lastarria-Cornhiel 
1997).  
 
The definitions of land tenure vary considerably given that it is fundamentally a legal 
matter. Bruce (1998) carefully distinguished the right to hold land versus the actual 
possession or holding of land. Holding of land refers to the control of land or a resource, 
which may or may not be accompanied by the right to control a piece of land or a 
resource. By this understanding of holding, Bruce (1998) described a situation where an 
individual may possess the land without the legal owner’s permission. The definition 
presented by Adams, Sibanda, and Turner. (1999) includes both the right to hold land and 
the holding of land itself. FAO (2003) defines land tenure as “the way land is held by 
individuals and groups, or the set of relationships legally or customarily defined amongst 
with respect to land.” This definition emphasizes the relationship between people and the 
land and how they interact with the land in day-to-day life. Similarly, other scholars agree 
that land tenure should be viewed as a social relation that involves “a complex set of rules 
that governs land use and land ownership” (Durand-Lasserve and Selod 2007). FAO 
(2003) makes a distinction between land tenure and land rights, where land rights entails 
the entitlements to the access and use/control of land in a social or legal framework. 
Bruce (1998) defines land tenure as the rights to the land themselves, while Maxwell and 
Wiebe (1998) link the access to land to these rights. Evidently land tenure is a somewhat 
fluid concept, where definitions of land tenure explicitly include or exclude holding, 





between land and people. The nature of the definition is varies depending on the 
discipline. 
 
Since the 1990s, tenure theory has also refined the terminology of land tenure insecurity. 
Scholars have distinguished de facto tenure security (actual state) and de jure tenure 
security (legal) (Gavian and Fafchamps 1996; Durand-Lasserve and Selod 2007). This 
distinction is often discussed in detail in studies of tenure systems and tenure security in 
urban environments (Durand-Lasserve and Selod 2007) and in rural settings as well 
(Broegaard 2005; Broegaard 2009). These refinements in the theory of tenure insecurity 
have in part stemmed from further research. For example, van Gelder (2010) suggests 
that the tripartite view of tenure (security) should include de facto, de jure, and 
perceptions of tenure (security).  
 
Other important terminology in land tenure discourse includes land tenure reform, land 
tenure security, land access, and land tenure system. Land tenure reform entails the legal 
ramifications of the modification of the land tenure framework by state or local 
communities (Bruce 1998) and is often linked to agrarian reform (Stern 1953; Viscidi 
2004). Land access is defined as the opportunity for land to be held either permanently or 
temporarily (FAO 2003). Land access can be achieved in a variety of ways, including 
freeholder occupation, purchase, rental, inheritance, or allocation by government or other 
landowners. The term land tenure system incorporates aspects of many of the terms 
described thus far, and is reviewed in the following section. 
 
Land Tenure Systems: The term land tenure system is one of the most commonly used 
terms in the discourse. FAO (2003) defines a land tenure system as “sets of rules and 
institutions which determine access to, and control over, land and natural resources.” 
Bruce (1998) defines the land tenure system as the types of tenure that are officially 
recognized by the systems of law at all scales, where the land tenure system at the local 
level might include freehold and common property; whereas land tenure system at the 





Additionally, Bruce (1998) emphasized that the economic, political, and social systems 
that created and shape a land tenure system vary country-by-country, which is critical for 
understanding and comparing land tenure systems. Put another way, a land tenure system 
embodies the system of tenure relations, societal structures and institutions, and family 
structure (Lastarria-Cornhiel 1997). Therefore, the land rights of an individual are both 
directly and indirectly associated with the relationships with his/her family, community, 
and national laws. Scholars further highlight the importance of the rules and institutions 
that dictate transactions of land as an integral part of the land tenure system (Schweigert 
2006).  
 
Legal tenure systems fall within the three main property rights regimes. The 
characteristics of a land tenure system varies by region and can be placed on a continuum 
ranging from formal land rights to informal land rights (Quan and Payne 2008; Durand-
Lasserve and Selod 2007). The most formal land tenure system is registered freehold, 
followed by delayed freehold, and registered freehold. Freehold is a form of private 
property rights, is common in developed countries where there is sufficient institutional 
structure to maintain registered land ownership (Feder and Feeny 1991). Delayed 
freehold is described as ownership with conditions such as payment or development 
(Quan and Payne 2008). Leasehold is grants ownership of land for a predetermined 
amount of time. Rental ownership, which is somewhat less formal, allows the use and 
occupation of land given terms and conditions that have been agreed upon. Shared equity 
tenure systems lie near the middle of the continuum, which is effectively a combination 
of both delayed freehold and rental where individuals own 50 percent of the land and pay 
rent on the other half. The cooperative tenure system exemplifies the common property 
regime. Cooperative tenure systems are characterized by co-ownership of land by 
multiple individuals (Schlager and Ostrom 1996). Studies have shown that communal 
tenure systems in the same region can vary dramatically in terms of rules of access and 
decision makers (Osemeobo 1993), which highlights the heterogeneity present within 






Temporary tenure systems, such as temporary occupation licenses or certificates of 
comfort, are perhaps the most informal legal tenure systems. Less formal still is the 
customary tenure system where land rights are distributed by leaders of a tribe, 
community, or family with the intention to grant equal access to interested parties 
(Brasselle, Gaspart, and Platteau 2002; Thu, Scott, and Van Niel 2007; Yaro 2010). In 
some societies, religious tenure systems exist where religious entities control land in the 
form of trusts or a similar ownership structure (Quan and Payne 2008). Lastly, there are 
two main types of informal tenure arrangements, 1) unauthorized commercial land 
developments, where informal developers illegally subdivide land, and 2) the illegal 
occupation of individuals in squatter settlements against the wishes of the proper 
landowner (Durand-Lasserve and Selod 2007).  
 
While these descriptions provide theoretical definitions of the main types of tenure 
systems, tenure systems in many societies incorporate multiple types of ownership (Feder 
and Feeny 1991). A review of case studies from different regions throughout the world 
provides insight into the complex nature of tenure systems observed on the ground. There 
are many case studies concerning customary tenure systems in Africa with regard to 
economic benefits (Gavian and Fafchamps 1996; Brasselle, Gaspart, and Platteau 2002; 
Yaro 2010; Attua and Fisher 2011). Customary tenure systems in Niger, for example, 
include both de jure and de facto arrangements, and individual and communal aspects 
(Gavian and Fafchamps 1996).  
 
Compared to more the informal tenure systems, formal tenure systems require 
institutional structures, legal frameworks, and efficient management in order to 
effectively function. Scholars describe three main categories of institutions that must be 
placed in context with property rights in general: constitutional order, institutional 
arrangements, and normative behavioral codes (Feder and Feeny 1991). Constitutional 
order encompasses how the organizational structure of society and how a society makes 
‘rules for making rules.’ Institutional arrangements are the specific rules denoted by the 





out that these rules ultimately determine how property rights are created, maintained, and 
enforce property rights (Schlager and Ostrom 1996). Normative behavior and codes 
constrain behavior and provide legitimacy for these institutions through cultural values 
(Feder and Feeny 1991). In many developing countries the institutions and legal 
frameworks vary dramatically between rural and urban areas (Quan and Payne 2008). 
Ghana, a country located in eastern Africa, is a good case study upon which to make this 
distinction. Most of rural Africa, including northern Ghana, is controlled by customary 
tenure systems, while urban centers that have undergone considerable globalization have 
more formal and capitalist views of land (Yaro 2010). Therefore, actions in accordance 
with customary systems often in place in rural areas would in fact be considered illegal in 
urban centers (Payne 2001). The ability to acquire building permits or other documents 
associated with formal tenure systems are often difficult or even impossible to obtain in 
customary tenure systems (Attua and Fisher 2011). Such difficulties are closely linked to 
tenure insecurity and social norms, which are excellent indicators of institutional quality 
(Beekman and Bulte 2012). 
 
Land Tenure Security: Tenure security is can be defined simply as the protection 
against forced eviction (Durand-Lasserve and Selod 2007). The leading definition of 
forced eviction is “the permanent or temporary removal against their will of individuals, 
families, and/or communities from the same home and/or the land they occupy, without 
the provision of, and access to, appropriate forms of legal or other protection” (COHRE 
2003). However, others argue that tenure security is a multi-faceted concept that includes 
the confidence of the landowners that they will not be deprived of their land rights 
(eviction and/or relocation), the economic benefits derived from the land, and that the 
government will offer protection against sudden changes that would threaten these rights 
and benefits (FAO 2003). Bruce (1998) describes land tenure security as a situation 
where neither individuals nor government entities disrupt or interfere with the holding or 
use of an individual’s land. Both FAO (2003) and Bruce (1998) stress the importance of a 
transparent and stable legal framework that ensures predictable holding or use of land, 





Despite the differences in these approaches, tenure security is inextricably linked to the 
components of the institutional framework described in Feder and Feeny (1991). Deacon 
(1994) highlights the importance of formal institutions with regard to securing property 
rights. As such, insecure property rights could arise for two reasons, 1) government 
instability or the inability to enforce ownership, and 2) the lack of government 
accountability (Deacon 1994). However, Beekman and Bulte (2012) assert that the multi-
faceted institutional framework must be separated into separate components in order to 
further analyze which of the components described in Feder and Feeny (1991) contribute 
to tenure insecurity. Furthermore, recent literature on tenure insecurity has enhanced our 
understanding of the subject by addressing subtle nuances in what tenure security actually 
means (van Gelder 2010). For example, scholars have discovered situations where 
perceived tenure insecurity increases in customary tenure systems due to efforts to 
formalize property rights (summarized in Meinen-Dick and Mwangi 2008).  
 
While the de facto and de jure describe the nature of tenure security from an outsider’s 
perspective, the perception of tenure security is of equal importance, particularly in urban 
environments (De Souza 1999, Payne 2001; Payne 2004). Similarly, research on tenure 
insecurity in among rural populations in Nicaragua indicated that perceptions of tenure 
security is a critical factor, which takes into inequalities of wealth and power that are 
often a product of historical events (Broegaard 2005). The subjective perception if tenure 
security is the perception of eviction, which is different from the objective likelihood of 
that risk (van Gelder 2010). van Gelder (2010) criticizes scholars for not distinguishing 
between perceptions of tenure security and de facto tenure security, as the former is the 
present tenure situation and the latter is the perception of eviction of that tenure. 
Furthermore, the legal status of tenure may or may not coincide with perception of tenure 
security (Broegaard 2005). Broegaard (2005) revealed that the improper handling of land 
by the Nicaraguan government is one of the central reasons that many people employ 
extra-legal methods of dealing with landholdings. Therefore, perception of tenure 
security may be linked to the understanding of legal tenure status (van Gelder 2010). 





why landholders may continue to occupy their land, and is thus prone to error (Durand-
Lasserve and Selod 2007). For example, measurement of the length of tenure does not 
capture the possibility that people may not be able to move to improved locations 
(informal or formal). The matter of tenure security is clearly complex and is difficult to 
measure. 
 
The debate about how to solve the issue of the inadequacy of customary tenure systems 
in Africa, which largely involved institutions such as the World Bank, provided 
foundation for modern land rights theory. Platteau (1996) provided an excellent overview 
of the evolutionary theory of land rights in Africa and how this theory contrasts with the 
alternative approach: land redistribution. In the late 1970s, the World Bank decided to 
change its hands-off approach to a more hands-on approach that necessitated the 
redefinition of land rights. Some scholars argued that customary tenure systems needed to 
be substantially overhauled in order to meet the increasing demand for intensive 
agriculture. On the other hand, the World Bank held the view that customary tenure 
systems were actually dynamic in that they would evolve on their own in the face of 
increasing commercial agriculture and population growth.    
 
The approaches to improve tenure security in recent international development began in 
the 1970s when the World Bank began programs to address tenure insecurity in urban 
settlements (Turner 1976, see also van Gelder 2010). The assumption made by the World 
Bank and in policy circles that formalization of land tenure through a property rights 
approach would allow people to engage with the economy more fully in this market-
based approach (World Bank 1993), which is anchored in the early discourse of the 
property rights paradigm (Demsetz 1967; Alchian and Demsetz 1973). van Gelder (2010) 
offers a comprehensive review of the various approaches by which we view, define, and 
measure tenure security. The property rights approach is perhaps the most dominant 
approach among development practitioners and policy makers to date (Durand-Lasserve 
and Selod 2007). For example, some international financial institutions, such as the 





property rights and tenure formalization. Scholars who support property rights approach 
to contend that formalization of property rights through land titling programs will enable 
the poor to gain access to the land market and credit, which subsequently leads to 
increased welfare (Feder et al. 1988; De Soto 2000). Economists argue that the lack of 
assets held by the poor is not the main problem, but rather the lack of formalization of the 
property itself (De Soto 2000). Proponents of the property rights approach claim that 
titling will provide three beneficial outcomes, 1) the ability to start a business, 2) to 
improve the residence, and 3) to increase the capacity to improve agricultural 
productivity (Bromley 2008). Platteau (1996) pointed out that benefits can also include 
an increased tax base, more efficient input/output choices, and consolidation of holdings 
(also see Sjaastad and Cousins 2008). While the property rights approach has gained 
popularity, critics question whether titling is not necessarily the correct solution. As 
previously mentioned, economists have contended that the individual property regime 
often in place in developed countries is the key to increasing the welfare of the poor 
(World Bank 1993; van Gelder 2008). Consequently, formalization of land rights through 
land titling programs has become the mainstream prescription to address some of the 
fundamental issues of poverty in both urban and rural areas (Bromley 2008; Sjaastad and 
Cousins 2008).  
 
There is an abundance of analyses of the impact of land titling programs in customary 
tenure systems of African countries (Meinen-Dick and Mwangi 2008; Zikhali 2010; 
Parsa et al. 2011). In 2000, the national government of Zimbabwe implemented the Fast 
Track Land Reform Programme (FTLRP), which included the resettlement of over five 
million hectares of land. A decade after the initiation of the FTLRP, scholars found that 
some progress was made to increase tenure security, which may in large part be due to 
lack of legitimacy of property rights (Zikhali 2010). This finding highlights the 
distinction between trust and existence of land rights. Scholars indicate a lack of studies 
regarding the importance of social capital on tenure security as well as the nature of how 
changes of customary tenure systems affect social systems (Beekman and Bulte 2012). In 





communities and social networks (Bromley 2008). The success of titling programs in 
Tanzania have faced difficulties due to the lack of recognition of residential titles by 
banks and other entities in the financial system (Parsa et al. 2011), which further 
highlights the fact that land titling alone does not necessarily lead to improved welfare. 
Bromley (2008) contends that land titling alone is too simple as a remedy for the complex 
problem of poverty. The lack of understanding of the complex web of the social and 
ecological fabric of customary tenure systems has stymied efforts to bring benefits to the 
wider audience, which is in large part due to the privileges, obligations, and rules that are 
inherent in these systems (Meinzen-Dick and Mwangi 2008).  
 
The property rights approach has drawn criticism due to the unforeseen negative 
externalities that can accompany formalization of property rights in informal tenure 
systems (Platteau 1996). Platteau (1996) pointed out the fact that titling programs are 
expensive and are even imposing on local communities that have operated on the basis of 
customary tenure, which can negatively impact the social fabric of societies. Additionally, 
Platteau (1996) stipulated that titling programs should only be used when the informal 
institutions inadequately provide tenure security. In fact, formal institutions that are 
supposed to bring about tenure security can decrease tenure security due to political and 
social inequalities. These inequalities are often linked to the history of a country. 
Broegaard (2005) criticized the longstanding impartiality of the institutional components 
that provide land titles to the poor in titling effort in Nicaragua. Such titling efforts do not 
achieve their goal if the perceived tenure security remains low due to inequalities that 
ultimately stem from the political arena. The capability for communities to reach a 
consensus to solve a problem is often overshadowed by conventional economic theory 
that bolsters the property rights approach (Platteau 1996). A study in eastern Burkina 
Faso revealed that land transactions are becoming increasingly documented due to 
increased population pressure and difficulty of access to land (Reenberg and Lund 1998). 
Such studies reveal the dynamic nature of tenure systems to adapt to the changing nature 
of agriculture and increase in population in Africa. According to Daley and Hobley 





evidence available with which to specifically contest De Soto’s ideas.” Daley and Hobley 
(2005) cite an example of a study of land titling in peri-urban areas of Trinidad, 
Botswana, and Zambia where “vibrant land and housing markets in poor urban and peri-
urban areas exist in spite of, and perhaps because of, the lack of legally recognized title.” 
The effectiveness of titling programs is clearly dependent on the cultural and political 
landscapes, and is variable not only within developing countries themselves, but even 
regionally.  
 
In Latin America, the inequality of land distribution has been under the spotlight for 
decades. The history of direct intervention to address land distribution inequality began 
with agrarian reform and has transitioned to tilting programs (Deere and León 2001a) as 
the property rights approaches became the mainstream in development. In large part, the 
extreme political inequalities and the imbalance of power in Latin American countries 
such as Nicaragua have led to severe tenure insecurity (Broegaard 2005). Several studies 
(including some conducted by the World Bank) have provided empirical evidence that 
formalization of land rights in rural areas of Honduras, Paraguay, and Brazil have been 
met with success in terms of improved access to credit and improvements that have 
increased agricultural activity (Jaramillo and Kelly 1999). In several cases, formalization 
of property rights in Latin America has led to increased access to credit, which 
emboldens the claims made by scholars and development practitioners that support the 
property rights approach. However, these studies were conducted prior to the time when 
concepts such as perceived tenure security and de facto tenure security were 
distinguished from one another. While there have been some successes with titling in 
some Latin American countries there are many cases where such efforts to formalize land 
rights did not improve tenure security, such as the high cost of the process, failure to 
update land registries, and structural issues within the titling programs themselves 
(Jaramillo and Kelly 1999).  
 
Broegaard (2005) found that the impartiality of the formal institutions that are in place to 





from this study criticize the notion that tenure insecurity can be directly addressed by 
simply formalizing property rights, as described in Feder et al. (1988). Deininger, Zegarra, 
and Lavadenz (2003) carried out another well-known study that revealed that land policy 
reforms in the mid-1990s aimed at formalization of land rights did not lead to the 
transferring of land to smallholders. While titling programs in the subsequent years were 
revamped to formally redistribute land rights for smallholders, the success was limited 
due to the fact that the government did not act decisively or in an efficient manner. Both 
Deininger, Zegarra, and Lavadenz (2003) and Broegaard (2009) highlight that deep-
rooted tenure insecurity and inadequacy of formal institutions has been a major challenge 
to improving tenure systems in the country.  
 
A case study of the impact of a land titling in Mexico revealed that titling program did 
not increase perceived tenure security, but instead initiated an informal land market 
(Bouquet 2009). Evidence from this study suggests that the implementation of a state-led 
titling program was the main reason for the ‘failure’ from a technical standpoint. Again, 
the legitimacy and strength of formal institutions to provide tenure security was absent. In 
some cases the land formalization policies themselves are inadequate. In 1983, USAID 
began a land titling program carried out in Honduras, in large part because over 60 
percent of titled land was in the hands of the public, rather than small or medium sized 
farmers (Fandino 1993, Nelson 2003). The results of USAID titling programs in 
Honduras have been ambiguous (Jaramillo and Kelly 1997), and evidence suggests that 
this program did not enhance tenure security due to exclusion of a large proportion of 
smallholder farmers, which is a major goal of development practitioners (Fandino 1993). 
When implemented successfully, formalization of land rights can improve the lives of 
smallholder farmers, but it is only one of the many issues that must be addressed in order 
to reduce poverty in Latin American countries such as Honduras (Nelson 2003). It 
appears that the effectiveness of formalization of land rights through tilting programs 






Analyses of tenure systems and land regularization in the northern region of Guatemala, 
El Petén, offer important insights about tenure insecurity. In this region, land speculation 
poses a significant threat to smallholders that do not possess formal property rights 
(Zander and Dürr 2011). Development practitioners have identified the fact that tenure 
insecurity of smallholders on the agricultural frontier has led to land grabbing and that 
legitimization of tenure is imperative to improve the situation (Clark 2000). Additionally, 
efforts have been made by NGOs and governmental organizations such as USAID to 
address tenure insecurity as a means to curb deforestation and land degradation (Gould, 
Carter, and Shrestha 2006). As a result, land titling programs have been implemented 
with the aim of protecting smallholders from losing their land, but the results have not 
been satisfactory (Fandino 1993; Clark 2000; Gould, Carter, and Shrestha 2006). Clark 
(2000) offered a diagnosis for the failure of formalization of land property rights in El 
Petén: the tenure institutions lack the legitimacy necessary to increase perceived tenure 
security. The lack of legitimacy of such institutions in El Petén is likely a multi-faceted 
issue, including the threat of losing land to agricultural corporations and large-scale 
farmers, inadequate markets, and lack of access to credit (Gould, Carter, and Shrestha 
2006; Gould 2006; Zander and Dürr 2011). Furthermore, Gould, Carter, and Shrestha 
(2006) points out the apparent disconnect between legal tenure and de facto tenure 
security. In some cases, smallholders living in the agricultural frontier may not be 
interested in engaging in the land market at all. 
 
While most scholars agree that addressing tenure insecurity of rights of smallholder 
farmers is important in Latin America, a few scholars have engaged in research 
pertaining to the gender-bias issues in titling programs. In many cases, the head of 
household receives the title to the land. Deere and León (2001b) contend that titling 
programs that identify the male as the head of household been flawed from the start, and 
assumes that males are the driving force behind agricultural production. Consequently, 
women have been largely left out titling programs from beginning to end. On the other 
hand, studies have indicated that titling programs have improved due to women’s and 





Deforestation and Tenure Security: The management of crucial resource pools, such as 
the world’s forests, has been constantly evolving over time. Current trends in forest 
management policy favor decentralization in many countries (Campbell and Luckert 
2002). As a result, significant research has been conducted regarding the relationships 
between forest policy at the national or subnational level, the participation of people in 
with these policies, dependence on forestry products, and land tenure systems 
(Mendelsohn 1994; Godoy et al. 1998; Jumbe and Angelson 2007). While each of these 
topics are deserving of their own literature reviews this section will focus on the impact 
of land tenure systems and tenure insecurity on deforestation dynamics. Case studies of 
property rights systems that include various types of tenure systems, as well as land 
titling programs with the aim of reducing tenure insecurity, provide insight into 
deforestation dynamics at a multiple scales. The drivers of deforestation are complex and 
invariably change depending on social, political, and economic conditions. The 
conclusions made literature vary widely and the impetus for deforestation is often 
difficult to parse out. For example, one may inquire as to whether tenure insecurity or 
agricultural colonization is the driver behind deforestation. It is likely that both are at 
play, yet capturing all of the drivers of deforestation related to land tenure has proven to 
be difficult.  
 
When looking at de jure tenure security, the degree to which property rights are defined 
determines the level of ownership risk. In the context of forest degradation, Bohn and 
Deacon (2000) define ownership risk as “the prospect of all events that might abridge the 
claims of a current decision maker, whether an individual, family, or village, to the 
returns obtained from a forest in future periods.” A comprehensive statistical study with 
data from 125 countries that included ownership risk, political climate (including history), 
forestry investment, capital investment, and overall GDP revealed important linkages 
between deforestation and ownership risk (Bohn and Deacon 2000). The study revealed a 
positive correlation between the rate at which resources are used and ownership risk, and 
the authors suggests that developing countries that have a higher ownership risk index are 





Geist and Lambin (2002) conducted a similar statistical analysis using data from 152 
countries with the intent to reveal the proximate causes of deforestation, and 
subsequently found that economic factors, institutions, and national policies were the 
most important drivers of deforestation. They contend that prior research places too much 
emphasis on population growth and shifting cultivation, as the main drivers of 
deforestation, and that policies favoring agricultural expansion, for example, are more 
significant. While macro-scale studies may appear to stray from the subject of how land 
tenure systems affect deforestation, these studies revealed that policies favoring 
agricultural expansion are some of the major drivers of deforestation. These policies 
favoring agricultural expansion in the tropics are directly related to the land tenure 
policies implemented throughout the developing world (Southgate, Sierra, and Brown 
1991).    
 
The theory that individualization of property rights will lead to more efficient use of 
resources follows the property rights approach, which is grounded in the idea that 
formalization of land rights will address tenure insecurity (World Bank 1993; van Gelder 
2008). The widespread endorsement of titling programs by international institutions has 
led to catastrophic deforestation in the case of the Brazilian Amazon (Binswanger 1987; 
Browder 1988; Mahar 1989; Mendelsohn 1994). For years, land policy in Brazil required 
citizens who desired to obtain a title on the frontier were required to clear areas of 
forested land, which lead to severe deforestation (Mendelsohn 1994). Other countries in 
Latin America, including Ecuador, Costa Rica, Panama, and Honduras, have also had 
similar policies requiring the clearing of forested land to obtain a title. Similarly, in the 
1980s the Ecuadorian government issued policy where individuals and firms could make 
formal claims on forested land (Southgate, Sierra, Brown 1991). Southgate, Sierra, 
Brown (1991) revealed that although clearing the land was not a prerequisite for a title to 
be obtained, forest clearing ensued due to the lagging response time that titles could be 
officially obtained. Consequently, individuals would claim their land by clearing their 
plot. The authors point out that the inadequacy of the formal institutions that handle 





findings that titling programs in Latin America often lack legitimacy and/or efficiency, as 
previously discussed (Fandino 1993; Clark 2000; Gould, Carter, and Shrestha 2006; 
Broegaard 2009).  
 
While macro scale analyses provide a big-picture view of resource degradation and 
ownership risk (Bohn and Deacon 2000; Geist and Lambin 2002), case studies in the 
literature reveal conflicting relationships between property tenure security and property 
rights. Numerous case studies point out the importance of the definition of property rights 
and tenure insecurity with regard to forest degradation status (Mendelsohn 1994; 
Jaramillo and Kelly 1997; Godoy et al. 1998; Datta and Sarkar 2012). However, since the 
1990s scholars have reported contradicting results regarding relationship between degree 
of tenure insecurity and severity of deforestation (Bedoya 1987; Bedoya 1991; López 
1993; Godoy et al. 1998). Godoy et al. (1998) provided a thorough review of the results 
in case studies in the literature up to 1998. For example, Bedoya (1987) found that 
squatters in the Peruvian Amazon were destroying twice as much forest due to the 
incomplete or lack of enforcement of property rights. This seems to support the property 
rights approach in that the lack of formalized property rights leads to lower efficiency and 
decreased sustainability of resource use. In contrast, Bedoya (1991) revealed that tenure 
security another region of the Peruvian Amazon only changed the way the people used 
the land and not the degree of deforestation. A case study in Ghana indicated that 
landowners were more likely to preserve trees and reduce deforestation (Leach, Mearns, 
and Scoones 1999). As demonstrated by a review of several case studies, the relationship 
between deforestation and property ownership is highly dependent on the specific 
situation. 
 
In the El Petén region of Guatemala, scholars have identified a positive correlation 
between access to credit, land titling, and deforestation (Carr 2004, Gould 2006). El 
Petén is another classic case study where land speculation and agricultural colonialism 
have led to significant deforestation, while perceived tenure security has remained low 





as Bohn and Deacon (2000) that indicate that greater ownership risk, which is ultimately 
the uncertainty of future resource use, which have been observed at the country-level 
scale. It is evident that the effect of titling in developing countries does not necessarily 
follow the logic of the property rights approach where increased formalization of 
property rights lead to decreased ownership risk. Gould (2006) highlights that perceived 
tenure security is a crucial factor in deforestation studies on the agricultural frontier.  
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CHAPTER 3. SOIL EROSION IN THE CENTRAL HIGHLANDS OF GUATEMALA: 
CONSERVING CLOUD FOREST HINGES ON IMPROVING SOIL 
CONSERVATION AND INTENSIFYING FOOD PRODUCTION FOR Q'EQCH' 
MAYA COMMUNITIES 
Abstract: Soil erosion threatens long-term soil fertility and food production in Q’eqchi’ 
communities native to the Sierra Yalijux and Sierra Sacranix mountain ranges in the 
Central Highlands of Guatemala. Environmental factors such as steep topography, 
erodible soils, and intense precipitation events, combined with land subdivision and 
reduced fallow periods as a consequence of population growth, contribute to severe 
erosion and strain soil resources. The preservation of the region’s cloud forests hinges on 
enhancing production of staple crops through agricultural intensification while at the 
same time maintaining soil fertility through implementation of soil conservation 
measures. 
 
Key words: soil erosion, food security, deforestation, Guatemala 
 
3.1 Introduction 
Conversion of forest to agricultural land is a consequence of efforts to meet the 
increasing demand for food as populations grow (Oldeman, Hakkeling, and Sombroek 
1990; Rosegrant and Cline 2003; MEA 2005). Deforestation threatens important 
ecosystem services, including potable water, climate regulation, carbon sequestration, 





Dominati, Patterson, and Mackay 2010), and leads to increased soil erosion (Restrepo 
and Syvitski 2006; Beskow et al. 2011). Achieving the United Nation’s Millennium 
Development Goal to eradicate hunger and extreme poverty by 2015 (UN 2013) while 
reducing deforestation will require agricultural intensification and innovation, and many 
development experts agree that to alleviate poverty the food production of subsistence 
farmers must increase (Altieri and Nicholls 2008; Rosset 2011). In the absence of 
increased efficiency, the only way to increase food production on a global scale is by 
converting more land to agriculture (Grau and Aide 2008). However, without effective 
soil conservation on agricultural land, erosion decreases soil fertility and threatens long-
term food security (Stocking 2003), encouraging further deforestation. Thus addressing 
land degradation is not only critical for alleviating hunger, but to ensure that the world’s 
forests and soils are preserved and can continue to provide essential ecosystem services 
and other services critical for human populations. Deforestation, land degradation, 
climate change, and food security are thus interconnected, and any attempt to develop 
sustainable strategies to reduce deforestation requires a transdisciplinary approach 
(Brandt et al. 2013) that examines the nexus of these phenomena. The interconnectedness 
of human-environment interactions is complex, and therefore, an approach that spans 
across academic disciplines and across different types of institutions, such academia and 
non-governmental organizations (NGOs), can enhance development efforts with expert 
knowledge.  
 
Removal of forest for agricultural is a prevailing land use trend in Latin America (Grau 
and Aide 2008), and leads to decreased interception of rainfall and increased compaction 
of the upper soil layer, increasing water-based erosion (Uhl, Buschbacher, Serrão 1988; 
Restrepo and Syvitski 2006). Furthermore, loss of tropical forests has been linked to 
reduced evapotranspiration and cloud cover (Lawton et al. 2001; Nair et al. 2003) and 
local changes in precipitation regimes (Costa and Foley 2000; Ray et al. 2006), which can 
further exacerbate land degradation. The negative effects of deforestation pose a serious 





especially when combined with subsistence farming practices that do not adequately meet 
the food demand.  
 
Land degradation threatens long-term food security in Guatemala (Shriar 2002), and in 
the central Highlands region (Figure 3.1) agricultural practices employed by subsistence 
farmers to cultivate their most important staples, maize and beans (Figure 3.2), are 
relatively inefficient and produce low yields (Isakson 2009). Soil fertility here is 
vulnerable to erosion due to steep slopes, moderate to highly erodible soils, and the lack 
of vegetation cover on agricultural land (Burke and Sugg 2006). Scholars speculate that 
the combination of slash-and-burn agriculture (Figure 3.2) and population increase in 
Q’eqchi’ communities has led to deforestation of cloud forest in the Sierra Yalijux 
mountain range in southern Alta Verapaz (Renner Voigt, and Markussen 2006; Pope et al. 
forthcoming). Some community members and NGOs are aware of key aspects of the 
deforestation, land degradation, climate change, and food security, but in order to target 
soil conservation efforts as part of reducing loss of cloud forest, it is important to 
understand the spatial patterns of soil erosion produced by the various agricultural 
practices, environmental contexts, and land use change trends in the Sierra Yalijux and 
Sierra Sacranix mountain ranges. As part of this effort, soil erosion models can serve as 
valuable tools to quantify soil loss patterns, when combined with a qualitative approach 
to analyze what subsistence farmers perceive, and how they make decisions around food 
security, soil erosion, and deforestation (Tegene 2003).  
 
The long-term consequences of soil erosion and deforestation pose a threat to the 
ecosystem services and food security of the Q’eqchi’ communities in the central 
Highlands of Guatemala. A local-level analysis of the connections between soil loss, 
deforestation, and food security has not been carried out in the region, and in this article 
we report on a comparative analysis of two catchments in the Sierra Yalijux and Sierra 
Sacranix. The objectives are to a) quantify soil erosion based on historical land use 
change and identify the contributing factors of soil loss at the watershed scale, b) 





conservation scenario that targets areas of severe erosion and integrates farmer 
knowledge. We used a transdisciplinary approach integrating analysis of present-day and 
historical reconstruction of land use change from remote sensing and ground surveys, soil 
erosion modeling of conditions with and without alternate soil conservation measures, 
interviews and surveys of farmers, and qualitative analysis of focus group narratives. This 
example can inform efforts to understand transitions occurring in areas facing similar 
challenges, and has the potential to enhance both food security and ecosystem services in 
Q’eqchi’ communities. In addition, the framework developed in this article could serve as 
a practical tool for studies of land degradation in other developing countries.  
 
3.2 Study Area 
Native Q’eqchi’ living in cloud forest areas of the central Highlands in Guatemala 
(Figure 3.1) rely on subsistence cultivation of milpa, which is the planting of maize, 
beans, and squash in one field (Isakson 2009; Pope et al. forthcoming; Figure 3.2), 
although some farmers choose to cultivate only maize. The Q’eqchi’ often prepare 
agricultural fields by slash-and-burn of secondary vegetation prior to cultivation (Renner, 
Voigt, and Markussen 2006; Pope et al. forthcoming; Figure 3.2). Since the 1980s, 
conservation-oriented NGOs seeking to preserve the cloud forest have been planting fruit 
trees in communities in both the Sierra Yalijux and Sierra Sacranix, and in many cases 
polyculture has been successfully introduced (CCFC pers. comm.). Many Q’eqchi’ 
households lack necessary infrastructure, transportation and electric power, and rely on 
nearby forests for fuel-wood and timber products. In 2002, the population in the three 
main municipalities of the study area, Cobán, San Juan Chemelco, and San Pedro Carchá, 
was over 325,000 (INE 2013). We describe the landscapes surrounding two communities, 
Sebob and Sanimtaca, which are the foci of the study. 
 
These communities are located in the south-central portion of the department of Alta 
Verapaz, a region characterized by two mountain ranges, the Sierra Yalijux and the Sierra 





Xucaneb, Montaña Cacquipec, and Montaña Yalijux, which are oriented from east to 
west, and is drained by the Polochic River to the south and the Cahabón River to the 
north. The Sierra Sacranix is consists of one large mountain and is drained by the Chixoy 
River to the west. The geology of the area consists of limestone and metamorphic rocks 
(MAGA 2001), producing karst topography with steep slopes and irregular drainage 
patterns. The soils in the study region are primarily Andisols, Ultisols, and Entisols in 
Río Cahabón valley (Simmons, Tarano, and Pinto 1959) and range in thickness as a 
function of topography. Given the steep terrain, these soils have a low productive 
capacity and are generally non-arable (MAGA 2001; Figure 3.3), and are of moderate to 
moderately high erodibility (Burke and Sugg 2006). The region typically receives 
consistent rainfall throughout the year except during the dry season (approximately 
February through May), and mean annual precipitation in the region is ranges from 
2,500-4,000 mm/year (MAGA 2001). In addition to direct precipitation, areas with cloud 
forest have an additional component of water accumulation on surfaces resulting from 
cloud filtration. In some cases, this can amount to up to 10 percent of the total incoming 
water (Ataroff and Rada 2000).  
 
The land use in the region is a patchwork of agricultural fields, cattle pastures, and forest 
(Renner, Voigt, and Markussen 2006; Pope et al. forthcoming; Figure 3.4). Cloud forest, 
pine-oak, pine plantations, and secondary growth are common throughout the region. 
Pine plantations are cultivated by individual households in sizes ranging from less than 
one hectare to tens of hectares, often as a part of federal reforestation programs or 
commercial logging operations. Cloud forest in Guatemala is a unique ecosystem that is 
usually found at high elevations, typically above 1,000 m.a.s.l. (Eisermann and Schulz 
2005), while pine-oak forest is dominant at elevations less than 1,000 m.a.s.l., and 
occasionally at higher elevations on south-facing slopes that receive less precipitation. 
Cloud forest in the region consists of a diverse tree community that hosts a unique 
community of mosses, orchids, and epiphytes (Eisermann and Schulz 2005), and supports 
a wide variety of birds and other wildlife. The remaining land is used for agriculture and 





The Chilax catchment is located in the upper Chilax River, which flows from east to west 
along the eastern portion of the Sierra Yalijux (Figure 3.5; Figure 3.2). Located 2,000 at 
m.a.s.l., this ~7.5 km2 catchment is characterized by steep slopes often exceeding 40 
degrees with Telemán soils, which are dark brown/brown and are silty or clay loams 
(MAGA 2001). The upper Chilax valley receives approximately 2,900 mm of rainfall per 
year. Cool temperatures permit cultivation of only one crop of milpa each year, along 
with cash crops such as cabbage and broccoli. The little remaining cloud forest is located 
on steep slopes and along the ridgeline. Sebob, a community of approximately 110 
nuclear families, is located in the center of the catchment. Fruit tree cultivation has been 
successful throughout the community.  
 
The Sacranix catchment is located in the heart of the Sierra Sacranix. Water from an 
unnamed spring flows from a ridge to the bottom of a large doline (Ritter, Kochel, and 
Miller 2002; Figure 3.2) and then disappears in to a cave that ultimately drains into the 
Salinas River (Figure 3.5). This ~8.9 km2 catchment ranges between 1,800 m.a.s.l. to 
1,150 m.a.s.l. in elevation and receives roughly 2,900 mm of rainfall per year (MAGA 
2001). The very dark brown, loamy soils in the area fall under the classification of the 
Cobán soil series (MAGA 2001). One maize crop is cultivated per year, although the 
somewhat lower elevation permits the cultivation of other valuable cash crops, such as 
cardamom and some citrus fruits. Sanimtaca, a community of roughly 45 nuclear families, 
occupies the middle and lower portion of the doline, which consists of a patchwork of 
agricultural fields, pine plantations, and secondary forest (Figure 3.5). An extensive area 
of cloud forest is found along the upper ridgeline. In 1996, this community began 
successfully intercropping coffee with banana trees through an agricultural cooperative, 







3.3.1 Land Use Change 
Reconstruction of land use data served as the basis for a multi-temporal land use analysis 
in order to provide C factor values for the RULSE model (Pope et al. forthcoming). To 
generate land use datasets for 1986 and 1996, multispectral satellite images provided by 
the Landsat Thematic Mapper (TM) sensors were classified using an unsupervised 
classification algorithm, the Iterative Self-Organizing Data Analysis (ISODATA) 
unsupervised classifier. The imagers were classified into sixty-four clusters and were 
subsequently labeled into three land use cover, 1) cloud forest, 2) other forest (pine-oak, 
pine, and secondary forest), and 3) agriculture (including secondary vegetation and 
settlements). Land use data for 2006 was generated by manual interpretation of high-
resolution digital orthophotos. Image classification was augmented with ground truthing 
using GPS ground data to verify vegetation patterns and biogeographical gradients. 
 
3.3.2 Soil Erosion Modeling 
The suitability of a soil erosion model for a given application is in large part determined 
by data availability. The use of complex, process-driven soil erosion models, such as the 
Water Erosion Prediction Project (WEPP), require high-resolution datasets that 
parameterize the climate, soil physical properties, and vegetation dynamics in a given 
location (Flanagan and Nearing 1995), and are difficult to implement in developing 
countries where these data are often unavailable (Tegene 2003; Beskow et al. 2009). The 
Revised Universal Soil Loss Equation (RUSLE) model was specifically developed for 
soil conservation planning (Renard et al. 1997) and has been widely used in developing 
countries to quantify changes in soil loss due to land use change and accounts for the 
wide range of agricultural practices (Onyando, Kisoyan, and Chemelil 2005; Dabral, 
Baithuri, and Pandley 2008; Beskow et al. 2009), including the Central Highlands of 





RUSLE is an enhanced version of the widely used USLE model developed at the 
National Soil Erosion Laboratory at Purdue University. USLE was developed as a soil 
conservation tool for agricultural applications in the U.S. to quantify long-term erosion 
(Wischmeier and Smith 1978) and was subsequently updated (RUSLE) in order to 
account for more current precipitation data, canopy cover, and soil disturbance datasets 
(Renard et al. 1997). RUSLE has been applied to quantify soil erosion based on 
subsistence agricultural practices (Angima et al. 2003), and while the RUSLE model 
provides quantitative estimates of soil loss from sheet, rill, and interrill erosion, it does 
not take into account gulley erosion or the storage of sediment within the basin.  
RUSLE estimates soil loss based on six key factors that drive soil erosion 
processes: 
 
A = R*K*L*S*C*P  (1) 
 
where A is the total annual soil loss per unit area (ton/acre/year), R is a rainfall erosivity 
factor, K is a soil erosivity factor, L and S are slope length and steepness factors, C is a 
land cover factor, and P is a support practice factor (Renard et al. 1997). In this study, 
each RUSLE factor was calculated for 30 m x 30 m cells using ArcMap 10.1. Mean 
annual precipitation data (1961-1997 average) were obtained from the Guatemala 
Ministry of Agriculture, Livestock, and Food (MAGA). A 30 m digital elevation model 
(DEM) of the study area was obtained from the Advanced Spaceborne Thermal Emission 
and Reflection Radiometer (ASTER) Global Digital Elevation Model Version 2 (GDEM 
V2) dataset. The R factor (Figure 3.6A; Figure 3.6B) was calculated following Renard et 
al. (1997):  
 
R = 3786.6 + 1.5679 * (precip. in mm) – 1.9809 * (elevation in m)  (2) 
 
The K factor is a measure of the susceptibility of a soil to particle detachment from runoff 
and was calculated using a nomograph (Renard et al. 1997). Soil texture data for the 





permeability was estimated from qualitative observations of soil samples in the field. 
Values for the organic matter content of the upper soil profiles were obtained from the 
ISRIC-WISE Global Soil Profile Database (version 3.1). The effects of slope length and 
steepness on soil erosion are reflected in the LS factor as (Renard et al. 1997): 
 
L = (λ / 22.1)m  (3) 
 
where λ is the projected horizontal distance in meters between the onset of erosion and 
deposition on the field, and m is a dimensionless variable slope-length exponent.  
 
S = 10.8 sin θ + 0.03 (for slopes < 9 percent)  (4) 
S = 16.8 sin θ – 0.50 (for slopes ≥ 9 percent)  (5) 
 
where θ is the slope angle in degrees. Raster processing tools in ArcGIS were used to 
prepare the DEM data to generate slope steepness values (Figure 3.6C; Figure 3.6D). The 
grid size of the DEM (30 m) was used as the slope length (Onyando, Kisoyan, and 
Chemelil 2005; Dabral, Baithuri, and Pandley 2008; Beskow et al. 2009), and slopes > 30 
m meters are infrequent in the study areas given the topography and patchwork nature of 
cover.  
 
The C factor reflects the susceptibility of the land to erosion based on land cover, and C 
factor values were assigned to each land use type for each time period for each catchment 
(Table 3.1). A C factor value reflecting the average milpa crop rotation was calculated by 
assigning soil loss ratio (SLR) values to periods of time in which soil and vegetation 
conditions could be considered constant.  For the milpa, the proportion of the R factor 
was multiplied by the time-varying SLR values and then weighted values were combined 
into a net C factor value (Renard et al. 1997; Millward and Mersey 1999). Observations 
in the field assisted in the determination of C factors based on management practices and 






• Milpa: the cultivation of milpa is aligned with the wet and dry seasons 
and typically begins in April in communities located in middle elevations 
(1,200-2,000 m). At the end of the dry season (April) any standing 
vegetation is cleared with a machete and burned or manually removed 
from the plot. In May, the bare soil is worked with a hoe, after which 
seeds are planted prior to the coming of the rains around the end of the 
month. The Q’eqchi’ intercrop maize with two types of beans, lol and nun. 
Weeds are primarily controlled with a hoe, although some farmers apply 
herbicides. The crops are often harvested (handpicked) during September, 
and the maize stalks are typically piled along the side of the field. The 
land is then allowed to rest for several months until December or January 
when black beans are planted, then harvested in April in preparation for 
the planting of maize.  
 
• Coffee: plots are typically cleared with a machete and/or a hoe prior to 
cultivation. Coffee is usually sparsely intercropped with banana trees. 
Coffee plants in this region begin to produce after two to three years of 
growth and can remain in production for several decades.  
 
• Secondary vegetation: grows quickly in this tropical climate. Ground 
cover appears in just a few weeks and a dense brush with heights over a 
meter can grow from bare soil in a single year.  
 
Soil conservation measures include choices of crops (included in the C factor) and 
support practices that reduce soil erosion, P. Three support practices are possible in this 
area: contour cropping, stripcropping, and terracing. The total P factor is calculated as the 
product of P-subfactors (Renard et al. 1997).  
 





where P is the total P factor, and Psx is a P-subfactor for each support practice. Contour 
planting, stripcropping and terracing are common support practices, and in the study area 
milpa is often seen planted along slope contours but terracing and stripcropping are not 
currently used. The effectiveness of these practices depends on slope length and 
steepness, the number of crop strips, and terrace slope and interval spacing. The critical 
slope length for contour cropping is defined as the slope length beyond which it is 
ineffective in reducing soil loss, and this critical length decreases with increasing slope 
angle (Renard et al. 1997). In practice, the exceptionally steep slopes in the study region 
mean that contour cropping is not effective in reducing soil erosion, and therefore it is 
assigned a value of 1.0 (no reduction in soil erosion), which is consistent with field 
observations. Stripcropping also does not appreciably reduce soil erosion here because of 
the steep slopes and the primary crop types (corn and beans) and was also assigned a 
value of 1.0 (Renard et al. 1997). Bench terracing has been suggested as an effective 
means to reduce soil erosion on agricultural land in Guatemala, given the steep slopes 
and abundant rainfall in much of the country (Akeson and Singer 1984; Wittman and 
Johnson 2008). Terraced areas were assigned a P value of 0.5 (Renard et al. 1997). The P 
factor for existing primary forest was based on slope gradient using the Wener empirical 
method (Lufafa et al. 2003; Pope and Odhiambo 2014): 
 
P = 0.2 + 0.03S (7) 
 
where S is the slope grade (percent). 
 
Soil erosion based on the multi-temporal land use change study was calculated upon 
assigning C factor values to the corresponding to the respective land use class. To assess 
the potential impact of conservation practices on soil erosion, we compared soil erosion 
with 2006 land use and conservation practices against a baseline of erosion without 
conservation practices. The subsequent impact of measures to reduce soil erosion, bench 
terracing and polyculture, were reflected in the C and P factor values of agricultural areas. 





25 degrees (FAO 1988). Agricultural land > 25 degrees is not suitable for terraces, and 
therefore, C factors were also assigned to reflect implementation of polyculture (fruit 
trees and other crops). All factors were calculated at 30 m resolution for both catchments. 
 
3.3.3 Qualitative Analysis 
We used focus group dialogue and informal interviews in order to gain further insight 
into the norms, beliefs and perceptions of Q’eqchi’ community members about soil 
erosion, deforestation, and climate change. The focus group and interviews took place 
during extended stays in both communities in two field seasons between summer 2012 
and summer 2013. We chose Sebob for the focus group study as it is representative of 
Q’eqchi’ communities in the vicinity, while Sanimtaca has a collective natural resource 
governance system and conservation strategies that are atypical. In order to gain insight 
into farmer knowledge, behavior, and perceptions, qualitative data were obtained in 
Sanimtaca through informal interviews to complement the focus group in Sebob. We 
designed the focus group questionnaire to examine deforestation, land degradation, 
climate change, and land tenure dynamics. The focus group session was conducted by 
official translators in the native language, Q’eqchi’, with twelve randomly selected male 
participants representative of farmers in the community.  
 
Qualitative analysis was performed on an English translation of the text using MAXQDA. 
We coded the text for emergent themes, such as precipitation change and soil quality, 
using an inductive approach. The codes were then aggregated into researcher-identified 
meta-themes (e.g. deforestation, land degradation, etc.) and exemplars that provided key 








3.4.1 Spatial Analysis of Soil Erosion 
To assess the impact of past land use change on soil erosion, we first analyzed decadal 
land use changes for each study catchment (Pope et. al. forthcoming). 
Agriculture/secondary vegetation was the dominant land use class in the Chilax 
catchment (Figure 3.7A; Table 3.2), in contrast to the Sacranix catchment that is 
dominated by cloud forest (Figure 3.7B; Table 3.3). Deforestation of cloud forest 
increased in both the Chilax and Sacranix catchments from 1986-2006 and cloud forest 
was removed on increasingly steep slopes over time (Pope et. al. forthcoming). In the 
Chilax catchment, pine/pine-oak forest decreased by five percent from 1986-1996 and 
continued to decrease in the following decade. Agriculture/secondary vegetation 
increased from 1986-1996, and increased in 2006. Land use change in the Sacranix 
catchment followed a similar trend. While a decadal land use analysis does not capture 
annual or sub-annual change, in general the long-term trend in both catchments is 
characteristic of the conversion of cloud forest to agricultural land, and is consistent 
throughout the Sierra Yalijux and Sierra Sacranix (Pope et. al. forthcoming).  
 
Based on the historical land use changes in the Chilax catchment, total soil loss increased 
from 286 Mg/ha/year in 1986 to 336 Mg/ha/year in 2006 (Table 3.2, Figure 3.8). Erosion 
in the Sacranix catchment was somewhat lower, and increased from 167 Mg/ha/year to 
227 Mg/ha/year over the same time period (Table 3.3). R and K factor values did not vary 
significantly between the two catchments, but soil loss differed substantially between 
land use classes. In both catchments, the most severe erosion occurred on agricultural 
land (450 Mg/ha/year), an order of magnitude higher than erosion in cloud forest and 
pine/pine-oak forest, (10-14 Mg/ha/year). Thus the higher total soil loss in the Chilax was 
due primarily to the larger portion of agricultural land here than in the Sacranix. Soil loss 





RUSLE model (Angima et al. 2003; Dabral, Baithuri, and Pandley 2008; Beskow et a. 
2009). 
 
Conservation practices, consisting of slope reduction by terracing and enhanced 
vegetation cover with polyculture farming techniques, resulted in lower C factor values 
and thus substantially lower erosion rates. In both catchments, soil loss in the agricultural 
areas was reduced from approximately 450 Mg/ha/year in 2006 to approximately 120 
Mg/ha/year, a 73 percent reduction due to terracing and polyculture. Similarly, soil loss 
in the coffee/banana plots in Sanimtaca resulted in a 37 percent reduction compared to 
the soil loss under experienced traditional milpa cultivation. In the Chilax catchment, soil 
erosion as a whole was reduced from 336 Mg/ha/year to 97 Mg/ha/year, and a reduction 
of similar magnitude was calculated for the Sacranix catchment, 227 Mg/ha/year to 60 
Mg/ha/year. 
 
3.4.2 Focus Group Narrative 
The focus group in Sebob yielded insight into participant knowledge of soil erosion 
processes and subsequent effects on agricultural productivity. Respondents demonstrated 
that they had knowledge of soil erosion processes and the negative effects of soil erosion, 
such as soil compaction and decreased fertility. Respondents were particularly concerned 
about the deterioration of soil quality due to erosion: 
It’s the goodness of the soil that gets carried away. Before the soil was softer 
when it was fertile and the roots could go easily into the soil. Now, when it rains 
really hard, it loosens the soil, and then it carries the soil down. In the past when 
they worked the soil, it was that the roots used to be able to come into it, but now 
the soil is what it's like on a trail, the soil is hard and the roots can’t go down. 
Respondents also a change in climate, and in particular an increase in “hard rain” as a 






The steep slopes in Sebob are especially vulnerable to erosion when vegetation cover is 
minimal, leading to compaction and poor soil quality.  The farmers indicated that they are 
trying to mitigate the decline of soil fertility by applying more fertilizer, “long time ago 
we didn’t use any fertilizer, but now because we’re using the soil every year we have to 
use fertilizer. The corn, the beans, the squash, whatever you plant now you have to use 
fertilizer.” Informal interviews with community members revealed that farmers are 
increasing the application of both organic (animal waste) and chemical fertilizers 
throughout the crop cycle, and the focus group comments also linked fertilizer 
application to changes in the length of fallow periods.  
It used to be that you would clear an area and you would plant. They used to 
move every year and not collect from that place for at least five years and then 
come back so that the soil could recover. Secondary growth would grow up on it 
and replenish the soil. Now one year, two, three, four you just keep planting the 
same land. A long time ago we didn’t use any fertilizer, but now because we’re 
using the soil every year we have to use fertilizer. 
 
Respondents also described the benefits of milpa cultivation in proximity to the cloud 
forest. One man explained, “If they went on the mountain to plant near the trees, the 
leaves would fall and replenish the milpa, but now there is no more of that.” The 
reduction of cloud forest cover in the community seems to have directly affected the 
fertility of the soil, and therefore, agricultural productivity. The respondents observed that 
deforestation of cloud forest has increased the severity of soil erosion. As one man 
commented, “the soil has been falling because we are cutting down the trees.” 
Respondents observed that the only cloud forest remaining within the village is located 
on the high ridges and on steep slopes, as “we have lost so much forest because we are 
making more and more cornfields.”  
 
The participants discussed several negative consequences of population increase in the 
community. One man expressed concern about the growing population and subdivision of 





our family.” Growing population has contributed to division of land into smaller parcels, 
because the male head of household eventually passes on the land to each of his sons. 
 
3.5 Discussion 
Soil erosion potential in the central Highlands of Guatemala is high because of abundant 
rainfall, steep slopes and moderately erodible soils. However, dense natural vegetation 
cover keeps soil erosion rates low until the land is cleared for agriculture. Conversion of 
forest to agriculture was the dominant trend of land use change in the study areas 
between 1986 and 2006, and the main contributor to an 18 percent increase in soil erosion 
in the Chilax catchment. The increase in erosion increased was even more substantial in 
Sanimtaca, 36 percent.  Substantially greater soil loss occurred on agricultural land due to 
the inability of sparse vegetation to reduce soil detachment due to rain droplet impact, 
and soil transport in surface runoff (Figure 3.9, photos of erosion). Erosion was most 
severe on agricultural land, regardless of slope or soil erosivity. However, within 
agricultural areas slope was important; in both study catchments the average slope of 
agricultural land is approximately 22 degrees (40.4 percent), which results in severe 
erosion with the minimal vegetation cover typical of milpa plots. While deforestation 
exacerbated erosion, the contribution of soil loss from deforested areas was 
comparatively low compared to the total loss on agricultural land, because areas that were 
deforested between 1986 and 2006 represented only 7.6 percent of the agricultural land in 
the Chilax catchment, and only 12.9 percent in Sacranix catchment.' 
 
Several limitations with the RUSLE model likely affected the results. Given that R factor 
values were calculated based on data for 30-year average annual precipitation, changes in 
the precipitation regime observed by focus group participants are not reflected in the 
model. RUSLE also does not account for fallow periods. The length of fallow periods 
varies by farmer and by environmental conditions such as elevation and climate. 





survey data collection and would complicate modeling efforts. Additional 
parameterization is necessary to account for sub-annual changes in land use.    
 
Analysis of the focus group narrative revealed insights into several socio-ecological 
factors contributing to soil erosion, in addition to deforestation and increases in 
agricultural land. Farmers reported that population growth has increased significantly in 
recent decades, and census data show that the population in the municipality of San Pedro 
Carchá increased from approximately 103,500 to 143,000 between 1996 and 2002, an 
annual growth rate of 5.1 percent (INE 2012). The population in the municipality of San 
Juan Chamelco also increased from 24,000 to 39,200 over the same time period. 
Population growth in Q’eqchi’ communities has increased the demand for agricultural 
land, contributing to deforestation as well as agricultural intensification that includes 
reductions in fallow periods and increased fertilizer use. In the northern Guatemalan 
department of El Petén, Shriar (2002) reports that whether or not farmers will conserve 
rainforest is largely dictated by population growth and is inhibited by the absence of 
agricultural intensification necessary to support the growing population. Farmers in 
communities such as Sebob and Sanimtaca have combined deforestation with reductions 
in the length of fallow periods and increased fertilizer use to meet growing food demands. 
West of the study area, in El Quiché department, Zilverberg et al (2008) contend that 
farmers were forced to decrease fallow periods due to similar population pressures, which 
subsequently reduced soil organic matter, water infiltration, and increased soil erosion, 
threatening long-term soil quality.  
 
Focus group responses also revealed that erosion has become more severe in recent years 
due to more intense of rainfall events. Vegetation regrowth that would normally cover 
fallowed plots and intercept rainfall is becoming less abundant, exacerbating erosion. 
Overall, soil erosion has become severe given the widespread cultivation of crops on 
steep slopes, more intense precipitation events, and reduced fallow periods. Farmers are 





these measures are not addressing the fundamental problems that are contributing to soil 
erosion. 
 
Results from the soil erosion modeling with soil conservation measures in place suggest 
that appropriate use of terracing and agroecological approaches would address concerns 
related to high soil erosion and degrading soil fertility in areas of milpa cultivation. Field 
tests in Guatemala performed to parameterize the USLE model revealed a substantial 
reduction of erosion in maize plots in which bench terracing was implemented (Akeson 
and Singer 1984). Cultivation of fruit trees, such as peach, plum, and banana, along with 
coffee and other cash crops significantly reduces erosion (van Asten et al. 2011), and is 
suitable for steep slopes where terracing is not feasible. Enhanced food production 
resulting from the implementation of the soil conservation scenario would also address 
this cause for the increasing pressure on land resources that is contributing to 
deforestation of cloud forest (Pope et al. forthcoming). Furthermore, Q’eqchi’ 
communities would benefit from increased nutrient and calorie consumption as well as 
higher income from cash crops. It may be difficult to fully implement these conservation 
measures in the near term given the cost of infrastructure needed, however, modeling soil 
erosion based on a range of agricultural practices provides valuable information for 
development practitioners to use in targeting soil conservation efforts.  
 
Milpa is an important crop for the Q’eqchi’, both culturally and for subsistence, and 
therefore, it is important to find ways to increase productivity to match population growth 
(Isakson 2009). Minimizing soil erosion while retaining the cultural traditions 
surrounding milpa cultivation is of primary importance for enhancing food security in 
these rural communities. The soil conservation scenario addresses the two critical 
contributing factors of soil erosion, steep slopes and insufficient vegetation cover, 
through the implementation of terracing on milpa plots and with polyculture on the 
steepest slopes where vegetation cover is crucial for soil conservation. Improvement of 
soil quality and enhanced food production will likely lead to reduced pressure on the 
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Table 3.1. Monthly crop phases for typical milpa cultivation by Q’eqchi’ communities in 
the study area, with corresponding RUSLE land cover classes and C factors.. 
 
 Month  Crop Phase  Land Cover  C Factor 
January Beans Cultivated 0.290b 
February Beans Cultivated 0.290b 
March Beans Cultivated 0.290b 
April Field Preparation Cultivated 0.700c 
May Planting Bare soil 0.700c 
June Maize/beans Bare soil 0.343a 
July Maize/beans Cultivated 0.343a 
August Maize/beans Cultivated 0.343a 
September Harvest Little cover 0.404c 
October Fallow Little cover 0.404c 
November Field Preparation Bare soil 0.700c 
December Beans Cultivated 0.290a 
 





Table 3.2. RUSLE results for soil loss for historical land use and the soil conservation scenario in the Chilax catchment. 
 
 1986  1996 2006 




63.2 210,750 68 224,350 73.9 249,640 
(*70,520) 
Pine/Pine- Oak 16.2 1280 13.4 1215 11.1 910 
Cloud Forest 20.6 2140 18.6 2000 15 1660 
Totals 100 214,170 100 227,570 100 252,030 
 LC (ha) Soil Loss 
(Mg/ha/yr) 
LC (ha) Soil Loss 
(Mg/ha/yr) 
LC (ha) Soil Loss 
(Mg/ha/yr) 
Totals by Area 748 286 748 304 748 337 (*98) 
 





Table 3.3. RUSLE results for soil loss for historical land use and the soil conservation scenario in the Sacranix catchment. 
 
 1986  1996 2006 




35.6 141,510 36.9 147,900 47.5 196,950 
(*48,000) 
Pine/Pine- Oak 13.1 1730 12.9 1640 7.6 970 
Cloud Forest 51.1 4950 50.1 4900 44.9 4540 
Totals 100 148,190 100 154,400 100 201,460 
 LC (ha) Soil Loss 
(Mg/ha/yr) 
LC (ha) Soil Loss 
(Mg/ha/yr) 
LC (ha) Soil Loss 
(Mg/ha/yr) 
Totals by Area 886 167 886 174 886 227 (*60) 
 







Figure 3.1. Area of cloud forest cleared for agricultural land (top), a south-facing view 








Figure 3.2. A variety of crops and fruit trees in close proximity to a Q’eqchi’ 














Figure 3.4. The landscape consists of a complex patchwork of secondary vegetation, pine, 














Figure 3.6. Rainfall erosivity (R factor) values for each catchment (A, B) and slope 












Figure 3.8. Soil erosion in the Chilax and Sacranix catchments for the 2006 land use 













CHAPTER 4. CONCLUSIONS AND FUTURE WORK 
Cloud forests are immensely important from a socio-ecological perspective, providing 
provide critical ecosystem services for the Q’eqchi’ people living in the region, and 
contribute to the biodiversity of Guatemala and regional food security. Given that the 
Sierra Yalijux and Sierra Sacranix mountain ranges are host to an increasingly vulnerable 
area of cloud forest, our understanding of causes and drivers of deforestation is critical to 
enhance conservation efforts. To date, scholars have focused primarily on the ecological 
implications of cloud forest loss. While this is valuable, our understanding of the human-
environment interactions that contribute to deforestation can be used to augment efforts 
to conserve the cloud forest, benefiting both the natural environment and the people who 
rely upon it.  
 
Here we used remote sensing of cloud forest, ground truthing with GPS, soil erosion 
modeling, surveys of farmers, and focus group data to enhance our understanding of 
deforestation, soil erosion, and food security in the study region using. The cloud forest 
in the Sierra Yalijux and Sierra Sacranix are largely unprotected, particularly compared 
to the cloud forest reserve in the Sierra de las Minas to the south, and so the knowledge 
developed in this study is useful for development practitioners seeking to address 
sustainability issues and cloud forest preservation at the grassroots level.  
 
The following conclusions can be made based on the land use change mapping, soil 





1. Since 1986, deforestation of cloud forest has accelerated in the Sierra Yalijux and 
Sierra Sacranix mountain ranges. The primary causes of deforestation in the region are 
subsistence agricultural expansion, and to a lesser degree extraction of fuelwood. These 
causes reflect several underlying driving forces, including population growth and land 
tenure. The annual population growth rate in the region is roughly two times the national 
average, which has led to subdivision of land parcels, and reduced fallow periods, which 
ultimately contributes to situations where the farmer decides to clear some cloud forest 
for additional agricultural land. Over time, all of the land that is relatively suitable for 
cultivation of crops has been cleared, and now less suitable land on steeper slopes is 
being cleared. In general, the Q’eqchi’ are knowledgeable about the causes and 
underlying driving forces of deforestation, and connect deforestation to environmental 
change, such as changes in the climate, potable water availability, and soil fertility. 
However, the rising demand for agricultural land to meet subsistence food needs 
continues to contribute to removal of cloud forest 
 
2. Soil erosion modeling in the selected catchments confirmed the farmers’ perceptions 
that soil erosion is a major environmental issue. Soil loss in agricultural areas was more 
severe compared to other land use types. However the marginal increase in soil loss as a 
result of recent deforestation was relatively small compared to the total soil loss, because 
the area of recent deforestation is relatively small compared to the total area being farmed. 
The main contributing factors to soil loss here are the lack of vegetation cover (milpa 
plots) and steep slopes. A nearly three-fold reduction of soil loss in agricultural parts of 
the study area could be achieved with the implementation of bench terracing and 
polyculture. While there are limitations with the soil erosion model used here, the 
Revised Universal Soil Loss Equation (RUSLE) is a practical tool for use in developing 
countries, where data availability presents challenges for use of more complex models, 
and the model helps in identifying the key contributing factors to erosion in an area. 
 
3. Deforestation of cloud forest and severe soil erosion in the region poses significant 





agriculture at the expense of cloud forest removal threatens several ecosystem services 
critical for the Q’eqchi’, including potable water availability, microclimate stability, and 
soil fertility. The cloud forest plays an important function in the hydrologic cycle given 
that up to ten percent of the water input is obtained from interception of cloud moisture 
via lateral cloud filtration, and the removal of cloud forest may be linked to less 
predictable water flow in springs. Changes in land heating and cloud dynamics have also 
been linked to cloud forest loss, which may be contributing to changes in the 
precipitation regime. The cloud forest also serves as a source of organic matter input for 
milpa plots in the vicinity. The cloud forest provides essential ecosystem services upon 
which Q’eqchi’ communities rely for survival, and therefore, the continued removal of 
cloud forest poses imminent sustainability challenges as population continues to increase 
in the absence of changes in agricultural productivity to meet demand. 
 
4.1 Benefits and Challenges of a Transdisciplinary Approach 
The significance of this work includes the use of a transdisciplinary approach and 
methods as an innovative perspective from which to study sustainability problems 
(Figure 4.1). In order for the outcomes of academic research to be used effectively, 
researchers should attempt to work not only across academic disciplines, but across a 
variety of institutions. Collaboration between communities, NGOs, international 
organizations (e.g. United Nations), and governments involves more stakeholders, which 
can ultimately bring about the impacts needed to enhance sustainability. While a 
transdisciplinary approach has many benefits, one would expect to encounter challenges 
in such an approach, particularly given many moving parts of a project involving many 
parties. In this study, the overarching goals of the research team (academia) and 
development practitioners include developing knowledge that will assist in efforts to 
conserve the cloud forest, enhance food security in Q’eqchi’ communities, and preserve 
the ecosystem services provided by the cloud forest for generations. Despite similar 





practitioners, the way in which they are achieved, and the significance of the results may 
differ.  
 
The process by which knowledge is obtained by development practitioners may differ 
from that of researchers in science. From a traditional scientific perspective, hypotheses 
about directions and causes of change must be assessed using analyses of observational 
data, and the motivating questions are driven by paradigms and a knowledge base 
accepted by the scientific community. In contrast, development practitioners are 
immersed in the study area and have developed intimate knowledge of the problem of 
interest to the researchers through experience, conversations with those who have lived in 
the area, and informal observations. The knowledge of development practitioners may 
not have been established in a rigorous scientific method, but is still of value, and is 
particularly important in determining how they might integrate the results of scientific 
studies into the approaches they use to achieve their goals. The worldviews and goals of 
researchers in academia and practitioners on the ground often differ, and so it is 
important for both communities to strive to understand and respect what each can 
contribute.  
 
Development can practitioners have valuable knowledge of the environment, culture, and 
problems faced by the subject population. This knowledge can be used constructively to 
assist in the formulation of hypotheses, implementation of research methods, and enhance 
the overall efficiency of fieldwork. However, development practitioners may not put a 
high priority on allocating resources to careful scientific collection of objective data in 
accordance with the scientific method. For example, a local expert may believe that 
deforestation is caused by process X, based on his or her extensive practical experience. 
However scientists doing research on deforestation cannot simply rely on this expert 
knowledge and must collect data to test the hypothesis that deforestation is caused by 
process X. Development practitioners on limited budgets and with limited time to devote 
to collecting data can find this frustrating, because it appears that resources are being 





arise when one or both parties are not able to understand and respect the others’ 
perspective, or worldview, despite the same overarching goals. Open communication 
through all stages of the research process and the potential utility of the outcomes are 
critical for both parties to permit a functioning relationship using a transdisciplinary 
approach. 
 
Despite the challenges, a successful study of the complex socio-ecological dimensions of 
environmental change and sustainability calls for the use of both a mix of research 
methods across disciplines, as well as cross-organizational collaboration so that the 
outcomes are of value both to scientists and development practitioners. The work 
reported in this thesis is an example of a successful collaboration between a university 
researcher and Community Cloud Forest Conservation (CCFC), a conservation-focused 
NGO, and an example of a mixed-methods approach that combined quantitative work 
(remote sensing/GIS, numerical modeling) with qualitative social science work (surveys, 
focus groups, and ground truthing. Many aspects of this project, including the formation 
of hypotheses and methods, data collection on the ground, and the impact of the results 
could not have been carried out with university researchers alone. CCFC played a key 
role in framing the research questions and conducting the surveys and focus groups. A 
particularly key role for CCFC was providing access to communities in which we 
otherwise would not have been able to work, as well as Q’eqchi’-English translation for 
the survey and focus group questionnaires. CCFC arranged numerous overnight stays for 
members of the research team, enabling them to carry out the necessary tasks on the 
ground. In other words, without collaboration with CCFC, we would have had to scale 
back the research objectives or risk not addressing them to the fullest extent possible. 
Furthermore, the implementation of recommendations from the results of the research can 
be more effectively translated into meaningful impacts by CCFC.  
 
In the transdisciplinary way of thinking, the results of this study are meant to go beyond 
their presentation in academic conferences and the journal in which they are published.  





in which knowledge from the deforestation and soil erosion analyses was presented as a 
teaching module in the environmental sciences and in presentations in schools. We also 
anticipate that CCFC and development practitioners working in the region will use the 
results of the study to target efforts to enhance conservation and food security. 
Deforestation, soil erosion, and sustainability issues are perhaps most efficiently explored 
through a mixed-methods approach with full participation of three parties, 1) the 
population in the study area (e.g. the Q’eqchi’), 2) the research team, and 3) development 
practitioners working on the ground. The buy-in and collaboration among all parties is 
not only necessary for effective research, but for the effective translation of the research 
on the ground to enhance the intended impact. 
 
4.2 Recommendations and Future Work 
Based on the analysis of the deforestation of cloud forest, soil erosion, and the 
implications for sustainability in Q’eqchi’, we have several recommendations to curb and 
possibly reverse the effects of environmental degradation associated with cloud forest 
loss. The rate of cloud forest removal needs to be slowed and eventually reversed in order 
to ensure that the ecosystem services it provides are secured for future generations. 
Several measures can be taken to achieve this. Population growth is driving deforestation 
in a variety of ways, and therefore efforts to curb population growth through family 
planning are critical for conservation. Agricultural productivity must be increased to meet 
the growing demand for food while simultaneously reducing the pressure on land 
resources that is contributing to expansion of agricultural areas. Education in sustainable 
farming practices, such as polyculture, soil conservation measures, and the implications 
of cloud forest loss would aid in these conservation efforts. Collaboration between 
researchers, development practitioners, and the local people should continue in order to 
carry out further research and education, and to streamline efforts to enhance cloud forest 
conservation and food security. 
This project addressed several gaps in the literature, including historical deforestation 





services provided by the cloud forest. However, human-environment interactions have 
yet to be documented that would provide a more complete picture of the dynamics in 
Q’eqchi’ communities. Future work could include, 1) further research on the land tenure 
systems, tenure insecurity, the effectiveness of titling and land registration programs in 
Q’eqchi’ communities, 2) investigation of the economic, political, and cultural 
underlying driving forces of deforestation, 3) a more detailed survey of agricultural yields 
and practices, and 4) focus groups to determine how the impacts of deforestation, soil 






Figure 4.1. A model depicting the proposed transdisciplinary approach, highlighting the importance of only working across academic 
disciplines, but across a wide variety of institutions to include more stakeholders. 
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